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THE EFFECTS, ON CALCIUM AND PHOSPHORUS METAB- 
OLISM IN DAIRY COWS, OF FEEDING LOW-CALCIUM 
RATIONS FOR LONG PERIODS* 


By Edward B. Meigs, senior physiologist, William A. Turner, associate chemist, 
Edward A. Kane, assistant chemist, and Leo A. Shinn, jwmor chemist, Division 
of Dairy Research l aboratories. Bureau of Dairy Industry, United States Depart- 
ment of Agriculture^ 

INTRODUCTION 


A study of the numerous experiments in which calcium and phos- 
phorus balances of dairy cows have been determined during the last 
25 years gives a confusing impression. Some of the experiments indi- 
cate that cows readily lose these elements from their bodies, and are 
likely to lose them at a rapid rate if they are giving any considerable 
quantity of milk. Thus, Hart, McCollum, and Humphrey (6y ob- 
tained results in 1909 which would indicate that a cow giving from 
12 to 18 kg of milk daily and fed on rations low in calcium lost about 
2 kg of calcium from her body in the course of 1 11 days, or more than 
25 percent of all the calcium her body might have been expected to 
contain. Since then the calcium and phosphorus metabolism of 
dairy cows has been studied in many experiments at several American 
experiment stations. The results (if the earlier experiments at Belts- 
ville, Md. (15), and of later ones at the Wisconsin (7) and Beltsyille 
{28) Stations indicate (1) that milking cows are likely to be losing 
calcium from their bodies even when their rations contain large 
amounts of calcium, (2) that on rations low in calcium, the losses are 
likely to be larger, and (3) that it is probably difficult to keep cows 
in calcium equilibrium when they are subjected to the usual dairy 
regime. The practical conclusion from such results is, of course, that 
it is wise to feed liberally milking cows on rations that contain large 
amounts of calcium. 

On the other hand, certain recent work at the Michigan {12) and 
Vermont {4) Stations indicates that mature cows which are fed for 
several years on rations low in calcium may readily assimilate enough 
calcium from such rations to supply what is needed for their milk, 
and may sometimes even be storing considerable amounts of it in 
their bodies. Some results of the Vermont work indicate also that 
calcium and phosphorus may be stored in proportions very different 
from those in which they are usually found in mammalian bone or 
in the mammalian body. 


* Received for publication Mar. 7, lfl36; issued August 1935. ^ 

» The writers acknowledge the help given by P. E. Howe, 0. G. Hankins, N. R* 
bers of the Bureau of Animal industry, U. S. Department of Agriculture. Ihe 
difficult or impossible without the advice and help received from them on all the details of the slaughter 

* Inference is made by number (italic) to Literature Cited, p. 24. 
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In carrying out balance experiments which extend over long periods 
it is not easy to avoid small errors in sampling and making analyses 
which might accumulate in the course of the experiment and appear 
in the fin^ results as large distortions of the total quantities of calcium 
and phosphorus assimilated. Some of the Vermont results suggest 
strongly to anyone familiar with the usual proportions of calcium 
and phosphorus in body and bone that such errors have occurred. 
It seems possible also that such errors may partly explain the sur- 
prisingly large losses of calcium and phosphorus that appear to have 
occurred in other balance experiments. 

It does not seem justifiable, however, to discard on mere suspicion 
the results of the great amount of work represented by balance 
experiments. Fortunately, analyses of the whole bodies of cattle 
provide a satisfactory though laborious method of checking many 
aspects of the balance experiments. There already exists a large 
amount of information which throws much light on the limits of 
variability in the normal calcium and phosphorus content of the 
bovine body and bone. 

In the present study the results of previous body analyses of cattle 
have been used in conjunction with the results of new experiments to 
make a beginning toward showing how far the normal quantities of 
calcium and phosphorus in body and bone are likely to be altered by 
subjecting the animals to long periods on rations low in calcium. 

OUTLINE OP STUDY 

The experimental work to be described and discussed may be 
divided into three groups. 

In the first group the calcium intake in the feed and the calcium out- 
put in the milk and calves of cows was recorded over long periods, at 
the end of which the animals either died naturally or were slaughtered. 
Analyses were then made of several of the bones of the cows, and a 
rough attempt was made to estimate whether the feeding of rations 
low in calcium had any tendency to reduce the weight of the bones 
in relation to that of the rest of the body. 

But, as this method of estimating changes in the calcium and phos- 
phorus content of the body is unsatisfactory for many reasons, a 
second group of experiments was carried out in which the intake of 
calcium in tne feed and the output through the milk and calves of 
three cows over periods of several years was determined. Two of 
these cows were on rations containing liberal proportions of alfalfa 
hay and the third was on a ration of grain with timothy hay as the 
sole roughage. At the end of the experimental period the three cows 
were slaughtered, and determinations were made of the calcium, 
phosphorus, fat, nitrogen, ash, and water in their entire bodies. 

A third group of experiments consisted in determining the calcium 
and phosphorus balances of cows which had been on low-calcium 
rations for over a year, and were still on low-calcium rations at the 
time the balances were determined. 

PREVIOUS BODY ANALYSES OF CATTLE 

Determinations of fat, calcium, phosphorus, and other mineral 
elements in the bodies of cattle were carried out many years ago by 
Lawes and Gilbert of Great Britain (14), and much more recenUy by 
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Trowbridge, Moulton, Haigh, Hogan, and others at the Missouri 
Agricultural Ejyeriment Station (6, 11, 16, 17, 18, 19, 28). In the 
Missouri investigation the animals were fed in various ways, though 
not in ways that would be expected to produce any veiy marked 
changes in the calcium and phosphorus content of the body. A 
study of the results, however, throws much light on the relationship 
between the calcium and phosphorus content of the bodies 6f cattle, 
and on the variations which are to be expected in the calcium, phos- 
phorus, and fat content at different ages and under different condi- 
tions of feeding. 

The American investigations were much more extensive than the 
British ones and will bo considered first. Hogan and Nierman {11) 
give figures for analyses of a few embryos, a number of calves 
slaughtered at various ages from just after birth to 8 months old, 
and a number of steers about 4 years old. The animals were fed on 
rations which were generally similar in make-up to rations fed under 
good conditions of farm practice, and all contained fairly liberal 
proportions of calcium. Three ])lanes of nutrition were used, how- 
ever, for the study; the first, high enough to permit marked fattening; 
the second, sufficient to permit good growth without much fattening; 
and the third, so low that growth as well as fattening was considerably 
restricted. The results show that while the body fat varies greatly 
according to the plane of nutrition, the percentages of calcium and 
phosphorus in the fat-free bodies of the animals are little affected. 
Tliis point is brought out by the figures in table 1 . The thin animals 
have only about one-third as much fat in their bodies as the fat ones, 
but about 1.6 times as much calcium and phosphorus. The calcium 
and phosphorus content of the fat-free bodies, on the other hand, 
varies comparatively little, there being less than 10 percent difference 
between the highest and the lowest figures for either element. 


Table 1 . — Average calnum, phosphorus^ and fat in (he whole bodies and in the 
fat-free bodies of steers from JfO to months old fed at different planes of nutrition^ 

IN WHOLE BODIES 


Plane of nutrition 

Calcium 

Phosphorus 

Fat 

High 

Percent 

0.98 

1.51 

1.59 

Percent 

0.53 

.80 

.84 

Percent 

44. 21 
20.43 
14.66 

Medium ... . . 

Low 



IN FAT-FREE BODIES 


High 

1.75 

0.94 


Medium 

1.90 

1.01 


Low - - 

1.86 

.99 





1 The figures for calcium and phosphorus are from Missouri Research Bulletin 107 (11); those for fat are 
from Missouri Research Bulletin 55 (18). 


The manner in which the calciiun and phosphorus content changes 
with advancing age in the fat-free bodies and in the fat-free soft 
tissues of cattle, as brought out by calculations from the Missouri 
data, is shown in table 2. 
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Table 2. — Calcium and phosphorus in fat-free bodies and fat-free soft tissues of 
cattle at various ages, as calculated from Missouri data 


FAT-FREE BODIES i 


Kind, and age of animal 

Oalclmn 

Phosphorus 

Fetus, 232 days old . .. - 

Percent 

0 879 
1.241 

1 453 
1.838 

Percent 

0.493 

.708 

.840 

.978 

New-horo i'ftlvfls nf fi) ^ . __ 

Steers (average of 9, 3 to 8 months old) - - 

Steers (average of 9. 40 to 48 months old) - 


FAT-FREE SOFT TISSUES » 


Steers (average of 3): 

3 months old, - - - - 

0.022 

0. 180 

5 mouths old. - 

.022 

. 170 

8 months old , 

.021 

.169 

40 months old - . 

.010 

. 140 

44 months old - - - - . 

010 

. 144 

48 months old -- 

.017 

. 143 


1 Calculated from Missouri data (ID. 

* Calculated from Missouri datA (11, 18). 


Table 2 shows that the percentage of calcium and of phosphorus 
in the fat-free bodies of cattle tends to increase materially up to the 
period of maturity. Experiments like those w^hich are to be described 
in this paper should, therefore, be confined to mature cattle. Table 2 
also shows that the percentage of calcium and of phosphorus in the 
fat-free soft tissues of cattle is small and fairly constant, but that both 
the calcium and phosphorus tend to decrease with advancing age. 

Still other points of interest brought out by the figures in table 2 
are that the calcium content of the soft tissues of cattle is very small ; 
that the phosphorus content is larger, but still only a rather small 
fraction of that contained in the bones; and that the ratio between 
the calcium and pho^horus contained in the whole body tends to 
be fairly constant. The calcium contained in the soft tissues of 
mature steers is less than 1 percent of that contained in the whole 
body, while the phosphorus in the soft tissues is about 1 5 percent of 
the total. The approach to constancy of the Ca/P ratio in the whole 
body is dependent on the still more nearly constant Ca/P ratio in 
bone. In the whole series of animals whose bone analyses are given 
by Hogan and Nierman (11), the Ca/P ratio did not fall below 2:1 
or rise above 2.14:1 for the skeleton of any single animal. These 
figures are a little lower and a little less constant t^han they might be 
because of the fact that the skeletons were only roughly cleaned. In 
the carefully cleaned bones used in the investigation by Hartman and 
Meigs (8), the Ca/P ratio did not rise above 2.23:1 or fall below 2.14:1 
for any single bone. 

The effects of advancing age and of rations containing different 
amounts of calcium and phosphorus, on the relative amounts of 
various mineral elements in bones, have been studied by Neal, Palmer, 
Eckles, and GuUickson (;?0), and by Henderson and Weakley (9), 
The former group of investigators found that the ratio between 
calcium^ phosphate and calcium carbonate in bone decreases with 
advancing age and is also reduced by feeding rations low in phos- 
phorus. The changes, though definite, are not very large, and would 
not produce any very great change in the ratio between the total 
calcium and the total phosphorus oi the bone. 
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Henderson and Weakley (S) give figures for the total calcium and 
total phosphorus of the bones of cattle at various ages, that had 
been fed rations containing various amounts of calcium and phos- 
phorus. Their results are in entire general agreement with those 
of Neal and his collaborators in showing that there is slightly more 
calcium in r('lation to phosphorus in the bones of older cattle and in 
those of cattle fed on rations low in phosphorus, but the differences 
are very small. Table 3 gives figures for the Ca/P ratios calculated 
from the data of Henderson and Weakley. These ratios do not fall 
below 2.06:1 nor rise above 2.20:1 in any case. The Ca/P ratio is 
obviously more affected by changes in age than by changes in feeding. 


Table 3. — The calcium-phosphorm ratio in the hones of cattle at variovs ages, that 
had been fed on rations containing various amounts of calchim and phosphorus, as 
calculated Jrom the data of Henderson aiid Weakley (9) 



1 

1 Ca/P ratio in bones of cattle, at— 


Chara<;ter of ration 





Average 

8 months 

13 months 

19 months 

25 montlis 



Normal 

2 09 

2 12 

2 10 

2.15 

2.11 

Ivow in ralcium 

2 (Xi 

2 10 

2 11 

2 14 

2. 10 

Low in phosphorus 

Low in noth calcium and [ihosphorus 

2 10 

2. 13 

2 19 

2.17 

2.15 

2 08 

2. 10 

2. 17 

2.20 

2. 14 

Average- 

2 08 


2 14 

2 10 





The studies made by Lawes and Gilbert ( 14 ) on cattle were much 
less extensive than those at the Missouri Station. As far as they go, 
however, they agree very closely with the Missouri results. Table 4 
shows how close this agreement is for the calcium and phosphorus 
content of the fat-free bodies of cattle at different ages. 

Lawes and Gilbert give no figures for the composition of the 
separated skeletons and soft tissues of their animals, but, by assuming 
that the soft tissues of their animals had the usual calcium content 
and that the bones had the usual proportional weight and Ca/P ratio, 
the phosphorus of the soft tissues can be estimated. The results of 
such calculations indicate that their animals had very nearly the same 
percentages of phosphorus in their fat-free soft tissues as the corre- 
sponding animals of the Missouri investigation. 


Table 4. — Average calcium, phosphorus, and fat in whole bodies and in fat-free 
bodies of cattle at about d months of age and at about 4 years of age, as indicated by 
investigations 


Investigation 

Calves, at about 3 months of age 

Oxeii,'i»t about 4 years of age 

Whole bodies 

Fat-free bodies 

Whole bodies 

Fat -free bodies 

Cal- 

cium 

Phos- 

phorus 

Fat 

Cal- 

cium 

Phos- 

phorus 

Cal- 

cium 

Phos- 

phorus 

Fat 

" €al- 

Phos- 

phorus 

Lawes and Oilbert 
Mhiouri 

Percent 
1. 18 
1.34 

Percent 

0.67 

.78 

1 

Percent 

14.80 

7.15 

Percent 

1.38 

1.44 

Percent 

0.79 

.84 

Percent 

1 30 
1.36 

Percent 

0.74 

.72 

Percent 

24.60 

26.60 

Percent 

1.84 

1.86 

Percent 

0.98 

.98 
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There is a veiy satisfactory agreement, therefore, between the 
older British and the newer American investigations. From a study 
of the figures one gets the impression that the methods of determining 
calcium and phosphorus in the tissues of cattle were quite adequate 
as far back as 1859, and that Lawes and Gilbert were able to determine 
these elements with just about the same degree of accuracy as can be 
attamed at the present time. One gets the impression also that the 
calcium and phosphorus content of the tissues of cattle varies only 
within narrow liimts and according to certain definite laws. 

This impression is strengthened by the fact that results very 
similar to those just discussed have been obtained in numerous 
investigations of the composition of the whole bodies of other species 
of animals, and of particular tissues of cattle as well as of other animals. 
It is not necessary to describe these at length, but it may be mentioned 
that Sherman (24, 26) has shown that the proportional amounts of 
calcium and phosphorus m the bodies of rats increase with advancing 
age and that Katz (IS) has obtained figures for the phosphorus con- 
tent of ox and calf inuscle which are very similar to those found in the 
Missouri investigations. Katz found 0.170 percent of phosphorus in 
ox muscle and 0.220 percent in calf muscle. 

EXPERIMENTS IN GROUP 1 

PRELIMINARY ESTIMATES OP CALCIUM ASSIMILATION IN LONG-CONTINUED FEED- 
ING EXPERIMENTS FOLLOWED BY SLAUGHTER AND BONE ANALYSIS 

The work reported in this section is a continuation and enlargement 
of work already pubhshed (8). The procedure employed has been 
fully described (8), and need only be outlined here. In the tabulated 
results the breed of all cows at the Beltsville Station is indicated by 
their numbers. Those numbered from 1 to 99 and from 300 to 399 
are grade Jerseys; those numbered from 100 to 199, grade Holsteins; 
those numbered from 200 to 299, registered Holstein-Friesians; and 
those numbered from 400 to 499, registered Jerseys. The grain 
mixtures used are described in table 5. 


Table 5. — Composition of grain mixtures ^ used in the group 1 experiments 


Grain ration no. 

Corn 

meal 

Wheat 

bran 

Cotton- 
seed meal 

Soybean 

meal 

Linseed 

meal 

Salt 

60 

Paris 

40 

Parts 

30 

Paris 

20 

Parts 

Parts 

10 

Parts 

1 

66 

30 

20 

26 


26 

1 

60... 

40 

30 


20 

10 

1 

66 

30 

20 


26 

25 

1 

75 

40 

40 



20 

1 


1 The corn meal used throughout the experiments was yellow. The oil meals had their fat extracted by 
the old process, that is, without fat solvents. 
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The calcium intake in the food of cows and the output through 
their milk and calves was determined for periods of from 1 to 6 years. 
At the end of these periods the cows either died or were slaughtered, 
and some of their bones were carefully cleaned, weighed, and analyzed. 
Some of the cows received liberal amounts of alfalfa hay in the exper- 
imental periods ; others received only timothy hay or timothy hay 
and com silage as roughage. From the figures for the calcium intake 
and output determined as above described, the percentage of food 
calcium utilized for the production of milk and calves can be calcu- 
lated; the result has been called the “percentage calcium assimila- 
tion.” This result, however, does not represent the true percentage 
of food calcium utilized, unless it can be assumed that calcium is 
neither gained nor lost by the body during the experimental period. 
In order to obtain an idea of how much calcium is likely to bo lost by 
the body of a cow in a period of 2 or 3 years on timothy hay, studies 
of the bones of cows have been made as above outlined after periods 
on timothy and on alfalfa, respectively. These studies suggest that 
the losses on timothy are not likely to be large enough senously to 
vitiate the determinations of percentage calcium assimilation in periods 
lasting more than 2 years, but the results obtained in the experiments 
under consideration are only approximate and leave many questions 
to be answered by the later complete slaughter analyses. 

Tables 6 to 9 give a summary of the results already published, 
together with the results of new experiments to be described later. 

Table 6. — Ratio of hone weight to body weight in cows when fed alfalfa hay or 

timothy hay 

ALFALFA HAY 


Cow no. 

Ratio of bone weight to 
body weight in— 

Long bones 

Ribs 

17 . 

0. 00545 
.00556 
.00576 
.00621 
.00546 

0. 00191 
.00186 
.00168 
.00176 
.00185 

84 

90 ... 

N202 . - 

458 

Avorafje ^ - 

.00569 

.00181 


TIMOTHY HAY 


N401 

0.00589 

.00491 

.00525 



0.00iA5 

.00155 

499 - - 

Averaee 

.00535 

.00155 



8 Joumd of Agricultural Research V(d. nu no. i 

Tablb 7. — Total amounts of feed md of calcium from the various feeds consumed 
by the cows when fed rations containing or lacking alfalfa hay 


RATIONS CONTAINING ALFALFA HAY 


Cow no. 

Experimental feeding 
period 

Feed and calcium consumed 

Grain 

Alfalfa 

Timothy 

Silage 

Total 

Calci- 

um 

Total 

Calci- 

um 

Total 

Calci- 

um 

Total 

Calci- 

um 

a4 

N262* 

458 

Jan.l, 1927, to Oct. 28, 1932 . 
Jan. 1, 1927, to Aug. 20, 1929. 
Jan.l, 1927, to Jan. 13, 1933 . 

Kil(h 

gtams 

1 10,758 

3 5, 113 
<12,052 

Kilfh 

gram 

12.6 

6.6 

15.4 

Kilo- 

gram 

9,158 

4,892 

11,057 

Ktlo- 

gram 

124.9 

62.2 

152.7 

Kilo- 
gram 
1, 616 

1,846 

Kilo- 

grams 

5.1 

6.8 

Kilo- 

gram 

8,225 

Ktlc- 

grams 

8.2 

RATIONS CONTAINING NO LEGUME HAY 


54 

N401 

429 

450 

Nov. 1,1924, to Jan. 31, 1927. 
Apr. 1, 1929, to Dec. 24, 1931. 
Dec. 1, 1924, to May 31, 1927. 
Oct. 1, 1925, to Nov. 30, 1926. 
Aug. 1, 1924, to Mar. 31, 1927. 
Oct. 1,1927, to Dec. 16, 1932. 

M,899 
«6,457 
a 5, 828 

8 2,011 
«4.787 
« 12, 851 

7.9 

13.3 

9.3 

3 2 
7.6 

24.8 



2,852 

4,651 

3,283 

1, 678 
3,240 

7, 532 

8.2 

17.9 

9 6 
4.8 

9 2 

22.9 

5,335 

5,810 

5.2 

5.7 

456 

499 



4,972 

4.9 







1 6,595 kg of grain 50, and 4,163 kg of grain 60. 

> In addition to grain and hay, cow N202 consumed 3,576 kg of l)eets and 377 kg of beet pulp in the experi* 
mental period, containing 3 kg of calcium. 

3 Grain 60. 

< 11,917 kg of grain 60, and 135 kg of grain 75. 

« Grain 55. 

• Grain 65. 


Table 8. — Intake and outgo of calcium and percentage of calcium assimilated by 

cows fed various rations 


Cow no. 

Ration 

Length of 
period 

Total calcium in— 

Calcium 
asuimi- 
lated > 

Total 

milk 

yield 

Food 

Milk 

Calves 

84 

N202 

468 

54 

N401 

429 

450 

456 

499_ 

Grain, alfalfa, timothy, silage. 
Grain, alfalfa, Imis, pulp. 

Grain, alfalfa, timothy 

Grain, timothy, silage 

Grain, timothy 

Grain, timothy, silage 

Grain, timothy 

Grain, timothy, silage 

Grain, timothy 

Days 

2,128 

963 

2,205 

822 

998 

912 

427 

973 

1,904 

Kilogram 

160.8 

68.8 

173.9 

21.3 

31.2 

24.6 
8.0 

21.7 

47.7 

Kilogram 

17.47 

7.69 

28.79 

5.85 

11.99 

10.82 

2.42 

6.45 

21.27 

Kilograms 

1.67 

1.33 

1.39 

.36 

.86 

.61 

.21 

.61 

1.43 

Percent 
12 7 

13.1 
17 4 

29.2 

41.2 
46.6 
32.9 

32.5 

47.6 

Kilograms 

13,929 

18,599 

5,851 

8,046 

8,260 

1,731 

4,610 

14,598 


> Percentage of calcium assimilated 


Ca in milk and calves ^ 

eiilTtobd ^ 
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Table 9, -^Composition of fresh clean bones of cows that had been fed rations 
containing alfalfa hay and rations containing no legume hay^ respectively 

GRAIN AND ALFALFA HAY 


Cow no. 

Ash 

Calcium 

Phosphorus 

Protein i 

Water 

Ca/P ratio 

Long 

bones 

Ribs 

Long 

bones 

Ribs 

Long 

bones 

Rib.H 

Long 

bones 

Ribs 

Long 

bones 

Ribs 

Long 

bones 

Ril)S 


Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 




cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 



17- 

48.6 

51.4 

18.8 

19 8 

8.7 

9.1 

20. .3 

24.9 

18.5 

17.7 

2.16 

2. 18 

90 

46.8 

47 1 

18. 1 

18.2 

8.4 

8 4 1 

20.6 

23 7 

11.7 

16.0 

2.15 

2.17 

N202 

47.4 

.51.0 

18 8 

19 4 

j 8.7 

9.2 ^ 

20.4 

24.4 

12 3 

14.7 

2 16 

2.11 

Average 

47.6 

49.8 

18.6 

19.1 

8.6 

8.9 

20.4 

i 

24.3 j 

14 2 

16.1 

2 16 

2.15 


GRAIN AND TIMOTHY HAY 


N401 

46 5 

43.1 

17.8 

16 4 

8.6 

7.8 

20 7 

23.6 

12.6 

22.0 

2.09 

2. 10 

429_ 

47.9 

46 2 

18 7 

18 2 

8 6 

8 2 

22 0 

25.2 

12 2 

18,7 

2.17 

2.22 

Average 

47 2 

44 6 

IH 2 

17. .3 

8 5 

8 0 

21.3 

24 4 

12 4 

20 3 

2. 14 

2.16 


I N X 6.25. 


The bones wliich were weighed and analyzed in the experiments 
under consideration were the radius and ulna, metacarpus, tibia, 
metatarsus, and tlie tenth, eleventh, twelfth, and thirteenth ribs 
from one side of the body. The ratios of bone weight to body weight 
in table 6 were obtained by dividing the sum of the weights of the 
long bones and the sum of the weights of the ribs respectively by the 
body weights of the cows. The figures for body weight were ob- 
tained as in the original investigation by averaging the monthly 
weights of the cows for periods of 2 to 3 years before their deaths, 
omitting the weights for 4 months before and 2 months after calving. 

The figures in table 6 suggest that the loss of material from the 
long bones of cows fed for long periods on timothy hay is very small. 
The loss from the ribs appears to be larger, but the results are too few 
to justify any positive conclusions. For this reason, the figures for 
calcium assimilation in table 8 have been calculated without making 
any allowance for possible loss of bone material during the experi- 
mental periods. Tliis matter will be discussed after the results of the 
slaughter experiments have been ^iven. The figures, as they stand, 
suggest that cows on timothy rations are likely to assimilate rnuch 
larger proportions of the calcium intake than those on alfalfa rations. 

Table 9 gives the composition of the carefully cleaned bones of 
several cows which had been fed alfalfa and timothy rations, respec- 
tively, for long periods. The results show the strong tendency toward 
constancy in bone composition, and particularly the constancy of the 
Ca/P ratio. The results also suggest that the ribs are affected more 
than the long bones by rations low in calcium. The figures in table 
9 show that the percentages of ash, calcium, and phosphorus were 
only slightly lower in the long bones of the cows fed timothy than 
in those of the cows fed alfalfa, whereas these percentages in the ribs 
of the cows fed timothy were considerably lower. 

While these somewhat fragmentary studies of the bones of cattle 
that have been fed different rations for long periods suggest that long 
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periods on rations low in calcium have only a rather small effect on 
the weight and composition of the bones, such studies are obviously 
much less satisfactory than would be the determination of the total 
quantities of calcium, phosphorus, fat, and other materials in the 
whole bodies of cattle under such circumstances. The results of such 
determinations are given in the section following. 

EXPERIMENTS IN GROUP 2 

BELTSVILLE SLAUGHTER EXPERIMENT 

The three cows studied were nos. 84, 458, and 499. These cows 
were fed fairly uniform rations without pasture for approximately 6 
years before they were slaughtered. The percentage of calcium as- 
similated during the experimental periods was determined according 
to methods previously outlined (<9). The results along with those of 
other cows subjected to somewhat similar treatment are given in 
table 8. Only a few details need be added here. 

Cow 84, born October 11, 1917, was started on the experiment 
January 1, 1927, on a moderately high-calcium ration, receiving grain 
50, alfalfa hay, and corn silage until April 1931. From then to Au- 
gust 1931, she received several different rations containing grain 50, 
grain 60, alfalfa hay, timothy hay, and corn silage. From August 
1931 to the date of slaughter, she received grain 60, alfalfa hay, and 
timothy hay. Her average daily calcium intake was 70.9 g. Her last 
calf was born October 15, 1932; she was slaughtered October 28, 
1932, and weighed 399.6 kg just before slaughter. 

Cow 458, born June 20, 1921, was started on the experiment Janu- 
ary 1, 1927, on a high-calcium ration, receiving grain 60 and alfalfa 
hay through May 1931. From then until September 1932 she re- 
ceived gram 60 with alfalfa and timothy; and from then until the 
date of slaughter she received grain 60 with alfalfa hay alone. Her 
average daily calcium intake was 78.9 g. Her last calf was born 
December 6, 1932; she was slaughtered January 13, 1933, and weighed 
394.1 kg iust before slaughter. 

Cow 499, born April 29, 1923, was started on the experiment Octo- 
ber 1, 1927, on a low-calcium ration, receiving grain 65 and timothy 
hay until the date of slaughter. Her average daily calcium intake 
was 25.1 g. Her last calf was born November 19, 1932; she was 
slaughtered December 16, 1932, and weighed 432.6 kg just before 
slaughter. 

AU hay fed to these three cows was U. S. No. 1 grade {21). The 
calcium content of the grain and silage fed was calculated by multi- 
plying the total consumption by average figures for the calcium con- 
tent of grain and silage, obtained from a number of analyses of samples 
of these feeds used at the Beltsyille Station. Each batch of nay 
bought was analyzed, and the calcium content of the amount of tliis 
batch consumed by each cow was calculated from this analysis. It 
was thought better to follow this more laborious procedure with the 
hay on account of the greater variability in its composition. 

The milk of each of the three cows was analyzed a number of times, 
and the averages of these analyses for each cow were used in calcu* 
lating the calcium content of her milk. Table 10 gives some of the 
detaus regarding these analyses, and also a comparison of some of 
the Beltsville figures for the feeds with the average figures given by 
Henry and Morrison {10). 
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Table 10. — Data regarding the calcium analyses of the feed and milk of cows 84t 
4^)8, and 4^9 in the experimental periods previous to slaughter 


Material analyzed 

Analyses 

Calcium foi: 

Maximum 

ind in Beltsv 

Minimum 

ille analy.ses 

Average 

Average 
calcium 
figures of 
Henry and 
Morrison > 


Number 

Percent 

Percent 

Percent 

Percent 

Alfalfa hay - 

27 

2.406 

0.962 

1.424 

1. 393 

Timothy hay 

20 

.664 

.175 

.322 

.179 

Oraln 60_-- 

5 

.129 

.093 

.111 

.112 

Grain 60 

35 

. 157 

. 102 

. 128 


Grain 65 

18 

.233 

. 171 

. 193 


Corn silage.- 

4 

. 104 

.093 

.100 


Milk from— 





Cow 84 - 

5 

. 131 

. 114 

. 126 


Cow 458 - . 

5 

. 158 

. 148 

. 165 


Cow 4^ 

14 

.157 

.134 

.146 




1 Henry and Morrison {10) give no figures for soybean meal from which the fat has been extracted, or for 
corn silage. 


The animals were slaughtered in the usual manner by a blow on 
the head followed by bleeding. The blood was collected in a tub and 
weighed. To determine its composition samples were obtained 
shortly before slaughter and analyzed. 

After the animals had been drained of blood, the hides were re- 
moved and weighed. Representative samples wore then cut from 
them as described by Small {28, 27). These wore cut with safety- 
razor blades into small pieces, from which samples were taken and 
analyzed. 

From the skinned carcasses the heads, tails, lower leg joints, and 
abdominal and thoracic organs were removed. The remainder was 
sawed very carefully into two equal halves down the middle of the 
back bone. Each of these halves was weighed and placed in the 
cooler. 

The intestinal tract was tied off at each end before it was removed 
from the body. After it was removed, it was weighed together with 
its contents. The contents were then washed out, the empty tract 
weighed, and the weight of the contents obtained by the difference. 

Of the organs, the liver, kidneys, and intestinal tract were weighed 
and analyzed separately* All the other organs and the nervous svs- 
tem were weighed, ground up, and analyzed as one sample, called 
‘‘miscellaneous organs'' in the tables. 

Three samples of meat were weighed and analyzed separately; 
namely, the ninth, tenth, and eleventh rib cut, minus the so-called 
“eye" from this cut, the “eye", and the round steak from the hind 
quarter. The greater part of the rest of the meat and fat from one 
side of the carcass was weighed and analyzed as one sample. Before 
the carcass was cut up, however, the kidney and bed fat were removed 
and weighed as a separate sample. 

The meat was roughly separated from the bones of the head, tail, 
and lower leg joints and put into the sample called “miscellaneous 
meat and fat." The same procedure was followed with the bones 
from the carcass. The radius and ulna, tibia, metacarpus, metatarsus, 
and the tenth, eleventh, twelfth, and thirteenth ribs of the carcass 
bones were carefully cleaned and weighed in the green state. Their 
weights were compared with the body weights; the results of the com- 
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parison are given in table 6. The other bones of the carcass were 
only roughly cleaned with a ^ife. All the roughly cleaned bones were 
boiled for some time, after which most of the adhering meat, fat, 
tendon, etc., was easily removed. This material was added to the 
‘^miscellaneous meat and fat'^ while the bones thus cleaned were 
united with the carefully cleaned bones, and the whole sample was 
ground and analyzed. This is the portion called “ bones in table 11. 

The hoofs were removed from the lower leg by heating in boiling 
water, and separately analyzed. 

The percentage composition of the parts into which the cows were 
divided and the percentage composition of the live empty weight and 
of the fat-free empty weight are given in table 11. The following 
description will show how these figures were obtained and how they 
are to be interpreted. 

The cows were given no food for 24 hours before slaughter. Each 
was weighed just before slaughter (p. 10). The live empty weight is 
obtained by subtracting the weight of the intestinal contents from the 
live weight just before slaughter. The fat-free empty weight is 
obtained by subtracting the weight of the total fat contained in the 
body from the live empty weight. 

The figures for the weights of the various parts of the body — bones, 
hide, and hair, etc. — ^give the weights of the parts as obtained just 
before samples were taken out for analysis, except that, in the case 
of parts taken from one side of the body only, as kidney, carcass meat, 
etc,, these weights are multiplied by two. The figures for the per- 
centage composition of the parts give the composition of the parts as 
analyzed. The true weight of each constitutent — calcium, phos- 
phorus, etc. — of each part is, therefore, obtained by multiplying the 
weight of the part by the percentage figure and dividing by 100. The 
percentage of each constitutent in the live empty weight and in the 
fat-free empty weight is obtained by dividing the sum of the weights 
of that constituent in all the parts by the live empty weight, etc., 
and multiplying by 100. The figures for the composition of the live 
empty weight and of the fat-free empty weight, therefore, give the 
true percentage composition of these parts as constituents of the 
animal just before slaughter. 

The ngures for the composition of all of the other parts, except the 
miscellaneous meat and fat and possibly the bones, are slightly higher 
than they would be in the live animal, because these parts lost some 
water in the processes of cooling and mincing or grinding for analysis. 
It was determined that the carcass lost about 3 percent of its weight 
during cooling. The situation is altered in the case of the miscellanea 
ous meat and fat and possibly the bones by the fact that the roughly 
cleaned bones were boiled and allowed to cool under water, and that 
the soft tissues thus removed from the bones were placed in the por- 
tion called miscellaneous meat and fat. The soft tissues adhering to 
the bones probably took up water during this process, and the figures 
for the composition of the miscellaneous meat and fat are, therefore, 
probably lower than they would be in the live animal. 

The sum of the weights of all the parts of cow 84 is about 14 kg 
lower than the live weight just before slaughter, while of the other 
two cows the live weights are very nearly equal to the sums of the 
weights of the parts. It seems probable that this is due to the fact 
that more care was taken to remove the soft tissues from the bones 
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of cow 84 by means of the knife jbhan in the other two cases. In her 
case, therefore, tne sample called miscellaneous meat and fat is much 
smaller than in the other two cases, and the taking up of water by 
the portion of this sample that came from the roughly cleaned bones 
does not come so near to compensating for the loss of water by the 
other tissues during cooling. 


Table 11. — Weight and percentage composition of body parts into which cows 84t 
458 j and 489 were divided for study 

cow 84 


Body or body part considered 

Weight 

Calcium 

Phos- 

phorus 

Ash 

Nitrogen 

Water 

Fat 


Kilogram9 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Live empty weight 

337. 3 

1.76 

0.93 

5 24 

3.26 

62.91 

7.08 

P'at’free empty weight 

Intestinal contents - 

313.4 

62.3 

1.90 

1.00 

6.64 

3. 51 

67.71 


Bones 

30.2 

16.21 

7. 47 

41.71 

3.28 

27.05 

'9.48 

Hoofs - 

.7 

.083 

.055 

3.98 

10. 42 

34.04 

.21 

Hide and hair 

27 2 

.014 

.037 

.66 

6.72 

65. 76 

1.02 

Kidney and bed fat 

2.6 

.078 

.174 

.73 

1.86 

37.38 : 

50.25 

Liver 

7 5 

• .008 

.311 

.90 

3. 32 

74.08 

2.95 

Kidneys — 

1.4 

.013 

.214 

.90 

2.63 

79. 12 

2.90 

Intestinal tract 

26.3 

.022 

. 134 

.70 

2.31 

79.72 

5.02 

Blood 

24 6 

.0067 

.0195 

.92 

2.61 

82 36 

.00 

Miscellaneous organs 

38 3 

.060 

. 166 

.60 

2.26 

70.92 

14.00 

Carcass meat 

133 9 

.013 

.182 

.95 

3. 51 

70.98 

5.60 

Rib cut minus eye 

3 2 

.012 

. 174 

.70 

3.39 

68.40 

8.74 

Eye from rib cut 

1 5 

. 0065 

.205 

1.00 

3.60 

76.32 

1.02 

Round steak 

6 3 

.0044 

. 215 


3 61 

73.90 

2. 51 

Miscellaneous meat and fat. . 

13 6 

. 144 

.234 

2 12 

4.77 

39.96 

29. 15 


cow 468 


Live empty weight 

343. 4 

1 62 

0. 85 

4.79 

2.85 

1 

67.07 

20.27 

Fat-free empty weight 

273 8 

2 04 

J 07 

6.01 

3. 57 

71.68 


Intestinal contents 

50.7 








Bones . 

33 9 

16.22 

7. 59 

41. 50 

3. 15 

24.80 

10.83 

Hoofs - - 

9 

.073 

.043 

64 

11.20 

34.66 

.087 

Hide and hair. . 

26 5 

.022 

.052 

.83 

6. 19 

62.99 

1.04 

Kidney and bed fat.. 

10.6 

.0018 

.0076 

. 13 

.39 

9.60 

87. 12 

Liver ... 

6 2 

0060 

.359 

1.37 

3. 49 

71.25 

4.46 

Kidneys — 

1.3 

.0074 

.220 

1 09 

2.38 

79.89 

2.86 

Intestinal tract ... 

29.1 

.031 

.118 

.66 

1.76 

77.06 

10.08 

Blood 

21 3 

.0067 

.0175 

.93 

2 96 

79.78 

.00 

M iscellaneous organs . 

44 2 

.024 

.060 

.65 

1 50 

47.48 

43.14 

Carcass meat 

121.4 

.0086 

.165 

.74 

2.92 

61.50 

19.11 

Rib cut minus eye 

3.4 

.016 

.097 

.65 

2 32 

47.62 

30.62 

Eye from rib cut 

1 1 

.0052 

.220 

1. 13 

3.60 

71.06 

4.82 

Round steak 

3.0 

.0048 

.219 

1. 06 

3.48 

72.70 

2.90 

Miscellaneous meat and fat 

41.3 

.102 

.132 

.92 

2.70 

59.15 

23.58 


cow 499 


Live empty weight 

389.2 

1.25 

0.70 

3. 77 

2.50 

52.36 

29.29 

Fat-free empty weight 

275.2 

43.4 

1.74 

.97 

5.26 

3 49 

73.03 


Bones 

33.4 

14.12 

6.89 

36.69 

2.90 

27.10 

14.90 

Hoofs 

.9 

.063 

.036 

.52 

10.64 

34.20 

.09 

Hide and hair - 

29.0 

.016 

.036 

.81 

5.55 

67.14 

1.24 

Kidney and bed fat 

9.1 

.0077 

.020 

.14 

.37 

5.67 

92.46 

Liver - 

5.4 

.0045 

.372 

1.34 

3. 49 

66.96 

8.71 

Kidneys 

1.1 

.0098 

.194 

1. 12 

2.35 

78.00 

1 4.08 

Intestinal tract . 

26 0 

.013 

.096 

.69 

1.94 

77.82 

11.62 

Blood 

21.1 

.0052 

.0202 

.95 

2.98 

79.70 

.00 

Miscellaneous organs 

52.4 

.020 

.083 

.44 

1. 10 

34.92 

55. 14 

Carcass meat 

167.5 

.0068 

.118 

.61 

2.37 

48.20 

36.94 

Rib cut minus eye 

4.8 

.0068 

.076 

.38 

1.70 

32.56 

56.60 

Eye from rib cut — 

1.5 

.0052 

.205 

1.00 

3.52 

68.60 

8.25 

Round steak 

4.6 

.0044 

.208 

1.03 

3.61 

72.48 

8.46 

Miscellaneous meat and fat 

32.4 

.094 

.115 

.62 

2.22 

77.82 

8.95 


The results of the analyses in table 11 will be discussed further in 
connection with the Missouri results, in the general discussion. 
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EXPERIMENTS IN GROUP 3 

BALANCE EXPERIMENTS WITH COWS THAT HAD BEEN FED TIMOTHY RATIONS FOR 

LONG PERIODS 

In work carried out at the Wisconsin and Beltsville Experiment 
Stations, and reviewed a few years ago (/5), the calcium assimilation 
of cows fed alfalfa and timothy hay ranged from 5 to 28 percent of the 
intake. The percentage assimilation when fed timothy hay showed 
no tendency to be higher than when fed alfalfa hay. In the work of 
Huffman (l2) and Ellenbergcr (4), on the other hand, the calcium 
assimilation of cows fed timothy hay was often about 50 percent of 
the intake. 

In the Beltsville work, and probably also in the Wisconsin work, 
the cows had been fed rations containing alfalfa hay and liberal 
quantities of calcium for long periods before the calcium balances 
were determined. In Huffman’s experiments, on the other hand, 
and probably also in Ellenberger’s, the cows had been fed low-calcium 
rations for long periods. 

In view of the work described in the foregoing part of this paper, 
it seems probable that these different tendencies to assimilate calcium 
were due to the fact that the cows which had been fed alfalfa still 
had a considerable surplus stock of calcium in their bones when the 
balances were determined, while those which had been fed timothy 
had reached the bottom of their reserves, or nearly so. But, for a 
number of reasons, it has seemed worth while to carry out some 
further experiments on this subject. These reasons may be stated 
as follows: Work at the Wisconsin {6) and Beltsville {id) Stations 
indicates that cows which have previously been fed rations high in 
calcium may continue for considerable periods to lose calcium from 
their bodies when transferred to rations low in calcium. The cow 
used in the Wisconsin work apparently lost calcium from her body 
continuously during a period of 16 weeks in which the balance was 
determined at intervals. Two cows used in the Beltsville work lost 
calcium continuously for a period of 19 weeks. 

This long-lasting influence of previous treatment may explain 
many of the apparently discordant results of balance experiments, in 
most of which little is said about the previous treatment of the animals. 
It seems justifiable, therefore, to put on record the results of a balance 
experiment at Beltsville in which this point is taken into account. 
Three cows were used in the experiment — N105, N216, and N406. 
Data regarding their history previous to the beginning of the balance 
experiment are given in table 12. As may be seen from the table, 
all the cows had been fed low-calcium rations for more than 8 months 
before the balance experiment started. 


Table 12. — Historical record of the three cows used in the balance experiments at 

Beltsville y Md, 


Cow no. 

Date of birth 

Put on low- 
calcium ration 

Constituents of ration 

Last calving 
before balance 
experiment 

Balance 

experiment 

started 

N105 ! 

Aag. 5,1927 

Jan. 26,1929 
Oct. 1, 1928 

July 1, 1930 

Apr. 1, 1931 
June 4,1931 

Grain 65, no. 1 timothy bay, 
corn silage. 

Grain 65, no. 1 timothy hay.. 

..do 

May 23, 1931 

June 21, 1931 
Oct. 18,1931 

Mar. 2,1932 

Do. 

Do. 

N21fl 

N406 
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The data pertaining to the balance experiment are given in tables 13 
to 16. The balance experiment proper began March 2, 1932. From 
this time on the rations for all these cows consisted of grain 65 and no. 
1 timothy hay, coarsely chopped. As in previous experiments at 
this station, the output of calcium and phosphorus in the feces and 
urine of each weekly period is balanced against the intake in the food 
for a weekly period beginning 2 days earfier, in order to allow for the 
intestinal lag. 


Table 13 . — Water ^ calcium, and phosphorus content of feeds used at different 
times in the balance experiments 


Feed 

Period of 
feeding 

Water 

Calcium 

Phos- 

phorus 

Timothy hay (T 35) 

Mar. 2 to 29._ 

Percent 

10.50 

Percent 

0.280 

Percent 

0. 171 

Grain 66 (batch 1) 

Mar. 2 to 12__ 

11.92 

.165 

.684 

Grain 65 (batch 2) 

Mar. 13 to 22. 

12. 16 

. 166 

.663 

Grain 66 (batch 3) 

Mar. 23 to 29. 

11.66 

.179 

.644 



Table 14 . — Calcium and phosphorus content of the milk from 3 cows in the balance 

experiments 


Experimental period 

Cow N105 j 

Cow N216 

Cow N406 

Calcium 

Phosphorus 

Calcium 

Phosphorus 

Calcium 

Phosphorus 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Mar. 4 to 10 

0 092 

0.097 

0 119 

0.098 

0. 148 

0. 136 

Mar. 11 to 17 

.091 

.096 

1 22 1 

.101 

.149 

1.36 

Mar. 18 to 24 

.093 

.096 

.135 

.098 

.154 

.134 

Mar. 25 to 31 

.094 

.095 

.120 

.106 

. 150 

.132 


Table 15 . — Average daily feed consumption by 3 cows in the balance experiments 


Experimental period 

j Cow N105 

Cow N216 

Cow N406 

Grain 

Hay 

Grain 

Hay 

Grain 

Hay 


Kilograms 

Kilograms 

Kilograms 

Kilograms 

Kilograms 

Kilograms 

Mar. 2 to 8_ 

6.60 

7.43 

6 58 

5.11 

16.60 

15.50 

Mar. 9 to 15 

6.60 

8.00 

7.00 

5.60 

6.60 

6.00 

Mar. 16 to 22 

6.60 

8.00 

5 50 

3.93 

6.60 

6.00 

Mar. 23 to 29.. 

6 60 

8.00 

4.00 

3.93 

6.60 

6.00 


1 Mar 3 to 8; see text. 


One batch of hay (T35) was suifficient for the entire experiment. 
Three batches of grain were used. 

The cows were fed hay and grain twice a day, and were milked three 
times a day. They had water at will. They were exercised 10 to 15 
minutes daily except Sunday. 

A mistake was made in taking the aliquot of the first dav^s feces of 
cow N406, so the first period for this cow consists of only 6 days. Cow 
N216 was off feed and showed a reduced milk yield in the third and 
fourth periods. The 4.81 kg of refused feed taken from her manger 
during these periods contained 0.393 percent of calcium and 0.597 
percent of phosphorus. Her appetite improved and her milk yield 
mcreased toward the end of the fourth period. Except for these 
incidents, the experiment ran smoothly. 



Table 16 . — Average daily milk yields and calcium and phosphorus intake, output, and balance of the 3 cows in the balance experiment 

cow N105 
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Ca/P 

ratio 

in 

feed 

0.55 

.57 

.56 

.61 

m3 



1 

W3 

CO 
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gaoiokoo 

9.3 


Bal- 

ance 

Grams 

-2.4 

-2.0 

-1.3 

-1.9 

a 

7 

i 

1 

Total 

intake 

Grams 

57.8 

58.1 
57.4 

56.2 

57.4 



Total 

Grams 
60 2 
60 1 
58.7 
58.1 

eo 


Output 

In 

milk 

Grams 

11.4 

11.4 

11.3 

10.8 

11.2 
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urine 

and 

feces 
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As may be seen from table 16 the average calcium assimilation of 
cows N216 and N406 was between 40 and 50 percent of the intake. 
There seems every reason to believe that cows may readily assimilate 
from 40 to 60 percent of the calcium intake when they are kept on 
low-calcium rations for long periods. The calcium balances were 
negative throughout, though not very markedly so. 

GENERAL DISCUSSION 

COMPARISON OF WORK AT BELTSVILLE WITH THAT IN MISSOURI 

The figures in table 11 for the composition of the whole bodies of 
the cows and of the various portions into which their bodies were 
divided may be compared with those given in Missouri Research 
Bulletin 55 (IS, tables 1 to SO). The two sets of figures agree in many 
respects, and further study shows that much of the apparent disa- 
greement is due to the vaiying fat content in the whole bodies and 

f )ortions of the different animals used. It is easy, of course, to calcu- 
ate the percentages of calcium, phosphorus, ash, etc., in the fat-free 
bodies and portions of the animals used ; and this has been done to 
some extent in order to obtain the figures shown in tables 17 and 18. 

Table 17. — Calcium and phosphor uh in the fat-free bodies of cattle and in various 
fat-free portions of their bodies, as calculated from analyses made at the Beltsville 
and Missouri Stations 

BELTSVILLE RESULTS 


Kind of animal and no. 

Whole body 

Total soft 
tissues 

Carcass 

meat 

Bones 

Blood 

Hide and 
hair 


Ca 

P 

Ca P 

Ca 

P 

Ca 

P 

Ca P 

Ca 

P 


Per- 

Per- 

Pet- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- Per- 

Per- 

Per- 


ceiU 

cent 

cent 

cent 

cent 

cent I 

cent 

cent 

cent cent 

cent 

cent 

Cow 84 

1 90 

1 00 

0 031 

0. 153 

0 014 

0. 193 

17.91 

8.25 

0. 0007 0. 0195 

0 014 

0.037 

Cow 468 

2 04 

1.07 

.038 

. 147 

.011 

.192| 

18 19 

8 61 

.0067 . 0176 

.022 

.053 

Cow 499 

J 74 

.97 

.029 

H9 

.on 

. 187 

10.59 

8 10 

0052 0202 

.010 

.030 

Averarre 

1 H9 

1 01 

.im 

160 

.012 

.191 

17. 56 

8 29 

.0062 . 0191 

.017 

.042 


MISSOURI RESULTS i 


Calves - 

1 45 

0 84 

0 022 

0. 180 

0 013 

0 207 6. 61 

3.23 

0 0070 0. 0214 

0.064 

0.099 

Oxen 

1.84 

.98 

.017 

. 143 

.014 

.169 11.81 

6. 65 

.0066 . 0160 

.033 

.047 

Cows- 


i.ai 


,197 


.212 

6 80 

- .0273 



.064 


* Tho Missouri fifuires for calves and oxen are calculated from the figures given in Research Bulletin 107 
(It, tableff 6 to Those for calves are averages for the animals 8 months old and younger; those for oxen, 
averages for the animals 40 months old and older. The Missouri figures for cows are calculated from those 
given In Research Bulletin 01 (19) and are averages for tho 3 cows used. 

In table 17 the Beltsville figures for the calcium and phosphorus 
content of the fat-free bodies and of various portions of the body are 
compared with corresponding figures calculated from the Missouri 
data. The figures for the whole body and for the carcass meat * are in 
close agreement with the corresponding Missouri figures for mature 
oxen and cows. It has already been shown that the Missouri figures 
agree with the figures of Lawes and Gilbert (14) for the calcium and 
phosphorus content of the fat-free bodies of mature cattle, and it may 
therefore be assumed that these quantities are nearly constant. As 
the Beltsville figures agree with those established by the two other 
investigations, it may be supposed that the analyses are satisfactorily 
accurate. 


5889-3fi 2 
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Tabi.b 18 . — Calcium and phosphorus content of live empty weights of cows and of 
all portions oj thetr bodies calculated on the fat-free basis 


Body part 

Calcium 

Phosphorus 

Cow 84 

Cow 458 

Cow 499 

Cow 84 

Cow 458 

Cow 499 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Live empty weieht 

3.90 

2.04 

1.74 

1.00 1 

1.07 

0.97 

Total soft tissues 

.031 

.038 

.029 

.153 

.147 

.149 

Bones 

17.91 

18. 19 

16.59 

8.25 

8. 51 

8.10 

Hoofs - 

.083 

.074 

.064 

. 055 

.043 

.036 

Hide and hair 

.014 

.022 

.010 

.037 

.053 

.036 

Kidney and bed fat - 

.157 

.014 

.102 

.350 

.059 

.265 

Liver 

.008 

.000 

.005 

.324 

.376 

.407 

Kidney — 

.013 

.008 

.010 

.220 

.226 

.202 

Intestinal tract 

.023 

.034 

.015 

.141 

.131 

.109 

Blood - - 

.0067 

.0067 

.0052 

.010 

.017 

.020 

Miscellaneous organs 

.070 

.042 

.045 

.193 

.lOfJ 

.185 

Carcass meat 

.014 

.011 

.oil 

.193 

.192 

.187 

Rib cut minus eye 

.013 

. 02:1 

.016 

.191 

.140 

.175 

Eye from rib cut. 

.0050 

.OaV) 

.0057 

.207 

.2.31 

.223 

Round steak 

.0045 

.0040 

.0046 

.221 

.226 

.215 

Miscellaneous meat and fat 

.203 

.133 

.103 

.330 

.173 

.126 


There is some disagreement between the Beltsville figures and the 
Missouri figures for other portions of the body, particularly the bones. 
The Beltsville figures would seem to indicate that bones have per- 
centages of calcium and phosphorus about 50 percent higher than 
those shown by the Missouri figures. This discrepancy is caused by 
the different methods by which the portion called skeleton or bones 
was prepared in the two investigations. In the Beltsville work some 
of the long bones and ribs were very carefully cleaned before being 
ground for analysis, and the rest of the skeleton was boiled and then 
stripped of all adhering soft tissue. In the Missouri work, on the 
other hand, the skeleton was only roughly cleaned by means of the 
knife, and the sample so prepared, consisting of bone with a good 
deal of adhering tendon and other soft tissue was ground and analyzed. 
It may be pointed out that in the Missouri work the portion called 
skeleton or bones comprised about 50 percent more of the weight of 
the total fat-free body than in the Beltsville yrork, and also that the 
Beltsville figures for the calcium and phosphorus content of the total 
bones of cows 84, 458, and 499 agree fairly closely with corresponding 
figures for the carefully cleaned bones of a number of cows given in 
table 9. Furthermore, the Beltsville figures agree with those given 
for clean bones by Henderson and Weakley (.9). 

The difference in procedure in the Beltsville and Missouri investiga- 
tions, which has just been considered, explains some of the other dis- 
crepancies which appear in table 17. In the Beltsville investigation 
the scrapings from the carefully cleaned bones and the material 
removed by boiling from the rest of the skeleton were included in the 
portion called miscellaneous meat and fat. This portion has, there- 
fore, a considerably higher calcium content than any of the other soft 
tissues. As the miscellaneous meat and fat is included in calculating 
the composition of the total soft tissues this latter portion has also 
a rather high calcium content. 


^The portion described as ‘^carcass meat" in the Beltsville tabulations corresponds to that called "lean 
and iat" in the Missouri bulletins. 
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The Beltsville figures for the calcium content of blood are in fairly 
close agreement with the Missouri figures. For the phosphorus con- 
tent of the blood, the Beltsville figure lies between the Missouri figure 
given for oxen {tl) and that given for cows {19). This latter figure 
is certainly imusually high, but it is well known that the phosphorus 
content of blood is quite variable. The Beltsville figure for the 
calcium content of hide and hair is decidedly lower than the Missouri 
figure, but it seems not unlikely that the small calcium content of this 
tissue may be subject to variations of this order. 


Table 19. — Calcium and phosphorus content and the CajP ratio for the live-‘empty 
weight of individual mature steers and cows calculated on a fat-free basis 

STEERS » 


Manner of feeding and animal no. 

Age at 
slaughter 

Fat-free bodies 

Calcium 

Phosphorus 

Ca/P ratio 

High fed* 

527 V 

513 

601 

Medium fed* 

526 

502 

512 

Low fed 

624 

609 

500 

Average 

Months 

40 

44 

48 

40 

44 

48 

40 

44 

48 

Percent 

1.72 

1.76 

1.78 

1.84 

1.79 
2.07 

1.96 

1.76 

1.87 

Percent 

0 93 
.94 
.95 

.99 

.95 

1.08 

1.04 

.93 

.99 

1 86 
1.86 

1.87 

1.86 

1.88 
1.91 

1.88 

1 1.89 

1.89 


1.84 

.98 

1.88 



cows » 




Fed for maintenanoe: - 

71 


1. 13 


Fattened 





4 

112 


1 03 


43 

85 


.90 


Average - 



1.04 


1 






1 The figures for steers are calculated from those given In Bulletin 66 {18, tables 68 to 71) and in Bulletin 
107 ill, tablets). 

* The figures for cows are taken from Bulletin 01 {19, table 9.) 


In table 19 are given the Missouri figures for the calcium and phos- 
phorus content of the fat-free live empty weights of individual mature 
oxen and cows, which show the ranges of variation and the averages 
for these quantities under feeding conditions where all the animals had 
fairly liberal amounts of calcium in their rations. These figures are 
to be compared with those for the calcium and phosphorus content 
of the fat-free bodies of the Beltsville cows given in* table 18. It 
will be seen at once that the differences between the calcium and phos- 
phorus content of the Beltsville cows, 458 and 499, lie within the 
range of variation for the Missouri animals. If there were no other 
evidence on the subject than the figures given in these two tables, the 
results might be taken to show that the quantity of calcium contained 
n the food of a cow over a long period has little or no influence on the 
calcium and phosphorus content of her body. 

It does not seem, however, that this is the most probable interpre- 
tation of the results. Cows 458 and 499 were of similar breed and type 
and of about the same age, and the weights of their fat-free bodies 
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and of their bones at slaughter were very nearly equal. Further, the 
results of balance experiments have repeatedly shown that cows may 
lose considerable amounts of calcium and phosphorus from their 
bodies and that these losses are likely to be larger when the calcium 
content of the ration is low. 

Finally, the calcium and phosphorus content of cow 458 is near the 
upper range of the variation in the Missouri work, while that of cow 
499 is near the lower range. The more probable interpretation of the 
results would seem to be that the two cows had about the same cal- 
cium and phosphorus content at the beginning of the experimental 
feeding periods, and that cow 499 lost about 15 percent of her calcium 
and about 1 0 percent of her phosphorus in the period during which 
she was fed timothy hay. 

If this interpretation may be accepted as correct, the results suggest 
that it may be somewhat disadvantageous to feed cows as little cal- 
cium as was contained in the ration of cow 499. The fact, that in 
the same part of the lactation cycle she had 15 percent less calcium 
in her body than cow 458, might be taken to indicate that her ability 
to assimilate calcium from her food was put under a slight strain. 
In the work of Reed and Huffman (^2), already referred to, the cows 
that got bone meal in addition to a basal ration of grain, timothy 
hay, and corn silage, seemed to do a little better than those that 
got the basal ration alone, and this gives some further basis for the 
views outlined above. 

In regard to the question of the percentage of calcium assimilated, 
it makes little difference whether or not it be supposed that cow 499 
lost 15 percent of the calcium content of her body in the 5-year experi- 
mental period preceding her slaughter. As shown in table 8, her 
calcium assimilation in this period, on the assumption that she lost 
no calcium from her body, was 47.6 percent of the intake. If it is 
assumed that 15 percent of her body calcium must be subtracted 
from that part of the output in her milk and calves which she was 
obliged to supply from her food, her calcium assimilation would be 
45.8 percent. This result strongly confirms the conclusion to be drawn 
from the rather incomplete experiments described in the early part of 
this paper and from the balance experiments of Huffman (12) and 
Ellenberger (4), namely, that cows which are kept for long periods 
on rations low in calcium may readily assimilate from 40 to 50 percent 
of the calcium intake. 

Table 18 gives the calcium and phosphorus content of the various 
portions of the three Beltsville cows calculated on the fat-free basis. 
Most of the individual tissues of cow 499 show a somewhat lower 
calcium content than those of cows 84 and 458, which adds strength 
to the supposition stated above that her low-calcium ration caused 
some loss of calcium from her body. In most cases, however, the 
differences are small, and the constancy of the calcium content of 
some of the portions, namely, the kidneys and muscles, is quite 
remarkable. The phosphorus content also of most of the soft tissues 
is remarkably constant. 

Table 18 mves an idea of how calcium and phosphorus are lost 
from the body of a cow on a low-calcium ration. Much the greater 
portion of the loss comes from the bones, and the low-calcium ration 
causes so much loss of phosphorus from the bones that the Ca/P 
ratio is only slightly lower after the losses have occurred than before. 
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There is no evidence of any general tendency for phosphorus to be 
stored in the soft tissues, and both the calcium and phosphorus con- 
tents of the soft tissues is so small and so constant that the change in 
the Ca/P ratio in the whole body is almost entirely controlled by that 
which occurs in the bones. The Ca/P ratios in the bones of cows 
84, 458, and 499 were 2.17, 2.14, and 2.05, respectively; those in 
their fat-free empty weights, 1.90, 1.91, and 1.79. Those figures are 
to be compared with the extremely constant Ca/P ratios given in 
table 19 for the oxen analyzed at the Missouri Station. They con- 
stitute additional evidence for the view that the low-calcium ration 
of cow 499 had an effect on the calcium and phosphorus content of 
her body. 

The results which have just been discussed confirm results obtained 
at the Michigan Station (12) and at the Vermont Station U) which 
indicate that cows kept on low-calcium rations for long periods may 
readily assimilate about 50 percent of the calcium intake. They 
furnish strong reason for believing, however, that those aspects of 
the Vermont work which indicate that mature milking cows kept on 
low-calcium rations for long periods may store large quantities of 
calcium and phosphorus in proportions very different from those 
ordinarily found in the body, are due to experimental error. They 
also give reason to believe that the results of many other balance 
experiments which suggest that milking cows on high-calciuxn rations 
are usually losing calcium from their bodies are due either to experi- 
mental error or to some peculiarity in the experimental method 
which renders the results not representative of the usual course of 
calcium and phosphorus metabolism in long periods of time. The 
Beltsville results suggest that even on rations low in calcium it is 
difficult to reduce the calcium content of a cow^s body to less than 
85 percent of the normal level. In view of the high degree of con- 
stancy of the percentages of calcium and phosphorus in the mature 
fat-free bovine body, and of a number of difficulties in the technic of 
balance experiments, the method of slaughter and body analysis 
seems preferable to the balance method, when calcium and phos- 
phorus metabolism is to be studied over long periods. 

PRACTICAL CONSIDERATIONS 

The practical object of such work as that just described is, of 
course, to determine the requirements of dairy cows for various 
nutritional materials, and the pathological effects which are produced 
by deficiencies of such materials. In 1924, when the experiments 
were started, there was much evidence on hand to show that feeding 
low-calcium roughage, such as wheat straw and timothy hay, to dairy 
cows was likely to cause premature calving and the throvdng of dead 
calves; and many investigators were inclined to attribute these 
results to the low-calcium content of the roughage. With the passage 
of time, however, it has become clear that tnnothy hay and wheat 
straw are likely to be deficient not only in calcium, but also in vitamin 
A; and the relative nutritional qualities of these roughages and of 
alfalfa haj cannot be intelligently discussed without taking this matter 
into consideration. 

Recent work at the writers' station has thrown some hght on the 
vitamin A content of alfalfa and timothy hay. The results may be 
outlined as follows: The vitamin A content of hay is extremely 
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variable. There is no doubt, however, that it tends to be higher in 
alfalfa than in timothy hay^ and higher in hay of good quality than 
in hay of poor quality. It is stiU too early to give figures which can 
be regarded as reliable averages, but the results so far obtained may 
be tentatively taken to indicate that No. 1 alfalfa hay contains about 
40 international units of vitamin A activity per gram; No. 3 alfalfa, 
about 6 units; No. 1 timothy, about 15 units; and No. 3 timothy, about 
3 units. 

In stUl other unpublished experiments at the writers' station, cows 
have been feed for periods of several years on rations of grain com- 
bined with each of the above-mentioned kinds of hay as the sole 
roughage. Of these cows, only those fed on No. 1 alfalfa have repro- 
duced satisfactorily. Those fed on No. 3 alfalfa and on No. 3 timothy 
have uniformly calved prematurely and thrown weak or dead calves. 
Those fed on No. 1 timothy have usually thrown weak or dead calves 
prematurely, but cow 499 has had four normal calves in a period of 
5 years on this ration. 

The writers have made numerous determinations of the calcium 
content of the No. 3 alfalfa hay, and find that it is practically the same 
as that of the No. 1 alfalfa. The results obtained at this station, 
therefore furnish clear evidence for the view that cows will calve 
prematurely and will throw dead or weak calves when their rations are 
deficient in vitamin A, even though such rations may contain adequate 
quantities of calcium. 

As it is clear that a vitamin A deficiency without any accompanying 
calcium deficiency may cause abnormal reproduction, it seems reason- 
able to attribute the abnormal calvings of the cows on no. 1 timothy 
hav to the low vitamin A content of this ration rather than to its low- 
calcium content, even though the vitamin A content was somewhat 
higher than that of the No. 3 alfalfa ration. 

In the case of cow 499, either because her vitamin A requirement 
was lower than that of the other cows, or because the vitamin A con- 
tent of her ration happened to be a little higher, reproduction remained 
normal throughout the period of experimental feeding. The results 
obtained in her case may, therefore, be taken as a contribution to the 
study of rations which are rather low in calcium, and, nevertheless, 
not sufficiently lacking in vitamin A to cause abnormal reproduction. 

During the 5 years of timothy hay feeding, she gave about 2,800 kg 
of milk annually on a ration which contained 25.1 g of calcium daily. 
She probably lost about 15 percent of the calcium contained in her 
body at the beginning of the experiment. The milk yield was some- 
what lower than that which has been obtained from cows of similar 
type on No. 1 alfalfa hay, and the writers judge that it was reduced 
about 10 percent by the timothy hay feeding. The calcium content 
of the ration was undoubtedly much lower than that of the rations 
fed on the average dairy farm throughout this country, but by no 
means as low as may sometimes occur under conditions which prevail 
in certain districts. The Beltsville grain mixture contained a large 
proportion of oil meal, and therefore a much higher calcium content 
than would a mixture made up of cereals and wheat bran, and the 
^mothy hay had a decidedly higher calcium content than is given by 
Henry ^nd Morrison {10) as the average for this roughage. The re- 
sults definitely suggest that an intake oi 25 g of calcium daily is rather 
low for Jersey cows which are fairly good milkers, and it is not at all 
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impossible that, if the field is carefully surveyed, as has been done in 
the study of phosphorus deficiencies (S), regions may be found in 
which the rations contain less calcium than this, and in which calcium 
deficiency is a serious factor in dairy practice. 

Some beneficial results have been obtained by adding calcium salts 
to rations which were low in their natural calcium content (f; 2, 22). 
But, in view of the fact that timothy hay is low in vitamin A as well 
as in calcium, while alfalfa contains more liberal quantities of both 
of these essentials, it seems wise at the present time to include a large 
proportion of legume hay of good quality in the winter dairy ration, 
wherever possible, and thus to insure at the same time against calcium 
and vitamin A deficiency. The question whether it may be economi- 
cal, under certain circumstances, to feed timothy hay, and to provide 
additional calcium and vitamin A separately in the form of such 
materials as bone meal and carrots, is a matter for future investigation. 

SUMMARY 

The balance experiments carried out in the past have been rather 
contradictory and confusing in regard to certain features of calcium 
and phosphorus metabolism. Some results suggest that milking cows 
are likely to be in negative calcium balance, even on rations high in 
calcium, and that they generally do not utilize more than 20 to 30 
percent of the calcium intake for the production of milk and calves. 
Other results suggest that they may often be in positive balance, even 
on rations low in calcium, and that they frequently utilize from 40 to 
60 percent of the calcium contained in such rations for the production 
of milk and calves. Certain recent results reported from the Ver- 
mont Agricultural Experiment Station indicate that liberally milking 
cows may store large amounts of calcium and phosphorus in the 
course of several years on rations low in calcium, and that the propor- 
tions of calcium and phosphorus stored may be quite different from 
those which are contained in normal bone. 

In order to obtain light on all these questions, the calcium and 
phosphorus metabolism of cattle has been studied by slaughtering 
them and making analyses of their bodies and bones after they had 
been fed for long periods rations containing different amounts of 
calcium. The results obtained in these body analyses are compared 
with the normal calcium and phosphorus content of the fat-free 
bodies of cattle as shown by analyses carried out in the past. The 
results of this part of the work may be stated as follows: 

(1) The percentages of calcium and phosphorus contained in the 
fat-free bodies of mature normal cattle are quite constant, and the 
Ca/P ratio, both in the whole body and in bone, is highly constant. 

(2) Keeping cows on low-calcium rations for long periods alters 
the above relationships less than has often been thought. The Belts- 
ville results indicate that after periods of several years on rations con- 
taining only about 25 g of calcium daily, the calcium content of the 
fat-free bodies of dairy cows is not likely to be reduced to less than 
85 percent of the normal level. The change in the Ca/P ratio for the 
whole body produced by such treatment is even smaller, namely, from 
1.9 to about 1.8. 

(3) Cows which have been fed low-calcium rations for 9 months or 
more readily utilize about 50 percent of the calcium intake for the 
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production of milk and calves. This conclusion is confirmed by the 
results of balance experiments reported in this paper, in which the 
calcium and phosphorus balances of cows were determined after they 
had been fed low-calcium rations for long periods and were still on 
such rations. 

(4) There is every reason to believe that the results of certain 
balance experiments which suggest that cows may store calcium and 
phosphorus in proportions entirely different from those usually found 
m the body, are based on experimental error. The conclusions drawn 
from other experiments to the effect that cows fed rations high in 
calcium are usually losing calcium from their bodies; and from still 
others, that cows fed rations low in calcium may sometimes be storing 
large quantities of calcium, are also either based on experimental 
error or due to the fact that the results are not representative of 
what occurs in long periods. 

The work in whicli calcium and phosphorus metabolism have been 
studied by means of balance expenments is considered in relation to 
that in wliich the general health and perfonnance of milking cows 
have been studied while they were kept for long periods on rations 
containing different quantities of calcium. It appears that, when 
the calcium content of a ration is reduced by substituting timothy 
hay or straw for alfalfa, the vitamin A content is also likely to bo 
reduced, and that the failures in reproduction, which have occurred 
on rations in which the roughage was timothy hay or straw, are to be 
attributed to a vitamin A deficiency rather than to calcium deficiency. 
The physiological effects of rations which are deficient in calcium, 
though adequate in vitamin A, are in need of further investigation. 
Some of the results of the present study may be taken as the beginning 
of such an investigation. They suggest that, for Jersey cows which 
are capable of giving 3,000 kg of milk or more annually, an intake of 
25 g of calcium daily is somewhat inadequate. 
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RESPONSE OF THE WOODY PLANTS HIBISCUS SYRIACUS. 
MALVAVISCUS CONZATTII, AND BUGINVILLEA GLABRA 
TO LENGTH OF DAY^ 


By H. A, Allakd 

Senior 'physiologist, Division of Tobacco and Plant Nutrition, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

Since 1920 an extensive literature has developed, showing the 
responses of a great variety of plants to length of day. For the most 
part the small annual or perennial herbaceous plants have been used, 
and very little work has appeared to illustrate the flowering response 
of the woody plants except in the case of the poinsettia (Euphorbia 
pulcherrirna Willd.). It is a relatively simple matter to handle the 
smaller herbaceous plants, whose blooming responses are usually shown 
during the first or second year from seed. The problem becomes 
much more difficult when the larger trees and shi’ubs are considered, 
for the small container and the usual type of convenient small dark 
chamber suitable for the small herbaceous plants will not serve for the 
woody plants. 

The shrubs chosen for this study were the turkscap hibiscus 
(Malmi>iscus conzattii Greenman), the common garden shrub-althea 
(Hibiscus syriacus L.), and bougainvillea (Bugimillea glabra Choisy). 
The shrub-althea has shown itself well adapted to a study of length 
of day in all respects. It flowers the first or second season from 
seed, and is readily grown and handled in small containers. The 
bougainvillea is also highly responsive to length of day, flowering 
quickly in sununertime in response to artificially shortened daylight 
exposures. 

METHODS 

It was at first thought that the flowering responses of shrub-althea 
could be readily determined by the localization method, which 
required the construction of small ventilated dark cases over branches 
of flowering individuals long established in the soil out of doors. In 
1929 such a case was constructed over a branch at the Arlington 
Experiment Farm, Rosslyn, Va., and 10 hours of daylight each day 
were given this portion of the plant before visible budding occurred. 
The treated portion of the plant, however, flowered at the same time 
as the portion receiving the full length of day. Since even in the 
annuals, flowering, when once initiated, often tends to persist for some 
time after the original stimulus of a suitable length of day has been 
removed, it was thought best to grow the shrub-althea imder the 
various lengths of day from the seedling stage. 

Seed sown in a flat October 15, 1930, remained in a coldframe out of 
doors throughout the winter. The seed germinated April 20, 1931, 
and the seedlings were potted to thumb pots May 28 and to large 
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buckets June 19, 3 to 4 seedlings being placed in each bucket. The 
tests began June 19, the plants receiving 10, 12, 12.5, 13, 13.5, 14, and 
14.5 hours of daylight and full daylight each day. Large ventilated 
dark houses were used to reduce the daily light-exposure periods to 
14.5 hours or less. On March 1, 1932, the plants were seppated and 
were grown singly in buckets to afford more room for each individual. 
The buckets for the various tests were numbered and the responses 
of the plants to the lengths of day originally selected were observed 
for several consecutive years. 

The turkscap hibiscus was grown from cuttings made January 7, 
1932. These when rooted were transferred to 3-inch pots February 
1 and to 4-inch pots March 8. On April 15 they were transferred to 
buckets, a single plant being grown in each bucket. The tests with 
the plants receiving 10, 12, 12.5, and 13 hours of daylight daily began 
May 9, when the plants were 18 inches tall. The tests with 13.5, 14, 
and 14.5 hours of daylight each day began May 18, when the daylight 
period from sunrise to sunset had increased sufficiently. Tliis wooyd 

hibiscus, being a tender plant, was 

grown in a warm greenhouse averag- 
ing 70° to 75° F. until the tests began 
out of doors. 

The bougainvillea was grown from 
young hotbed plants received from 
Florida in the spring of 1932. These 
were transfeired to large cans, a single 
plant in each can, and were allowed to 
^||||^B||k grow in the warm greenhouse. The 

plants flowered heavily during Decem- 
ber, attaining the niid-bloom stage in 
late January during the winter of 
1932-33 and again during the winter 
■■■■■■■■■I of 1933-34. On May 16, 1934, long 
fkjuee 1 .— shrub-aithea seedlings 112 days after flowering had ceased and new 

vegetative shoots had developed, the 

stage: A, Control reiving full daylight; B, plants Were CUt back tO 46 inclies and 
plants exposed to 10 hours of daylight each j xT-xj. ix 

day. Photographed September 15, 1930. placed OU the testS. One plant WaS 

allowed 10 hours of light daily, 
another 12 hours of light, and a tliird was given the full length of day. 


EXPERIMENTAL RESULTS 


SHKUB-ALTHEA 

From the data of table 1 it is obvious that a daily exposure to 10 
hours of daylight is too short to allow the shrub-aithea to flower, 
even though the plants have remained for four successive seasons 
under these conditions. The plants grew very slowly and during the 
first season remained practically in the rosette condition, forming a 
very short woody stem only a few inches high upon which thick and 
abnormally dark green leaves were crowded, as shown in figure 1. 

Daily exposure for 12 hours favored greater elongation of the stem, 
but even this length of day was distinctly unfavorable to flowering. 
During the seasons of 1931, 1932, 1933, and 1934, only two plants 
were able to flower, these flowering in 1932, one plant producing a 
single blossom; the other, three blossoms. 




Table 1. — Flowering behavior and height of shrub-althea (Hibiscus syriacus) in four ' successive seasons under different daily periods of ex- 
posure to light from the seedling stagey the daily light exposure for each plant remaining the same throughout the experiment 
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Daily exposure for 12.5 hours allowed flowers to develop, but the 
plants grew relatively slowly and did not attain a floriferous condition 
until 1933. A rather weak flowering impulse was evident in 1932. 
Daily periods of exposure of 13, 13.5, 14, and 14.5 hours were quite 
favorable to growth and flowering, and about as many flowers were 
produced as appeared under conditions of full day%ht. The mean 
date of appearance of the first flower for the three seasons 1932, 1933, 
and 1934 was not materially changed under the different periods of 
exposure favorable to flowering. For the daily 12-hour exposure the 
mean date of flowering (which occurred only in 1932) was July 6; 
for the 12.5-hour day, July 21; for the 13-hour day, July 26; for the 
13.5-hour day, July 27 ; for the 14-hour day, July 27 ; for the 14.5-hour 
day, August 2; and for full daylight, July 28. 

Growth in height showed a consistent increase with increase in the 
length of the daily period of illumination. The mean height at the 
end of 1934 for the 10-hour period of exposure was 23.6 inches; for 
the 12-hour, 34 inches; for the 12.5-hour, 35.5 inches; for the 13-hour, 



Figure 2 -Shrub-althea seedlings grown foui seasons under the various daily ueriods of light exposure 
indicated. Plant designated C received full length of day. l)ate.s of flowering in 1934 under the various 
periods of exposure' Full day, August 4, 14.5 hours, August 10; 14 hours, August 10, 13.6 hours, August 2; 
13 hours, July 20; and 12 5 hours, July 20, 12 and 10 hours, no flowering Photographed August 7, 1934. 

47.5 inches; for the 13.5-hour, 45.5 inches; for the 14-hour, 44.0 inches; 
for the 14.5-hour, 52.0 inches; and for the conditions of full daylight, 
45.0 inches. Figure 2 shows the habit of growth of shrub-althea, 
under the various daily periods of exposure, at the end of four seasons. 

TURKSCAP HIBISCUS 

From the data of table 2 it is obvious that the turkscap hibiscus is 
indeterminate in its responses to length of day, at least for the annual 
range in day length at Washington, D. C., since it flowered readily 
under all periods of daylight exposure, from 10 hours to the local 
full length of day, which on June 21 is about 15 hours from sunrise to 
sunset. This behavior is illustrated in figure 3. There was some 
delay in the flowering of some of the plants as the daily periods of 
exposure to daylight were increased beyond 10 hours. In the initia- 
tion of buds the greatest delay occurred under full length of day. 
Elongation of the stems tended to increase with increase in the length 
of the daily exposure, the full length of day producing the tallest 
plants. The plants were more compact and branching in habit of 
growth under the daily exposure periods of 10, 12, 12.5, and 13 hours. 
These plants also flowereci more freely. 
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Figure 3 — Turkscjap hibiscus. A woody subtropical plant flowering freely under all lengths of day, from 
10 hours or loss to the full length of day, at Washington,!). C. The plants were grown from cuttings made 
J nnuary 7, 1932. Tests for the daily exposure periods of 10, 12, 12.5, and 13 hours began May 9; for periods 
of 13.6, 14, and 14.5 hours. May 18. The control (O received the full length of day. The number of 
days required for budding and first flowering are shown in table 2. Photographed July 18, 1932. 


Table 2. — Number of days required for production of visible buds and first flowering 
by iurkscap hibiscus (Malvaviscus conzattii) and the height attained by the plants 
when exposed to various day lengths^ beginning in May 1932 


Daily light exposure 


10 hours- - 
12 hours. . 

12 5 hours 

13 hours. - 


Days required 
for productiou 
of— 

Ueight 

of 

plants 

Daily light exposure 

Days required 
for productiou 
of— 

Height 

ol 

plants 

Buds 

First 

flowers 

Buds 

First 

flowers 

Number 

Number 

Inchett 


Number 

Number 

Inches 

29 

54 

31 

13 6 hours 

23 

54 

42 

32 

63 

37 

14 hours 

28 

54 

47 

32 

63 

42 

14 5 hours 

28 

67 

44 

32 

63 

44 

Full day - 

60 

63 

55 


BOUGAINVILLEA 

Whereas the shrub-althea behaved as a typical long-day plant, the 
bougainvillea flowered best in the short daily light periods. Growth 
of new shoots in the latter began at once in all the tests. The plant 
receiving 10 hours of daylight each day showed buds June 28, and 
flowered July 9 at a height of 75 inches. The plant was very florif- 
erous, and quite as gorgeous with brilliant pink flowers as it has been ' 
in February when it flowered in response to the natural short days of 
the winter time. The plant receiving 12 hours of daylight each day 
budded July 25 and flowered August 4 at a height of 82 inches and 
was much less floriferous than the plant receiving 10 hours of daylight 
each day. The controls showed no indications of budding in early 
October. This behavior of flowering in summertime in response to 
shortened daily periods of exposure is shown in figure 4. Bougain- 
villea normally nowers at Washington, D. C., in the greenhouse in 
December when the length of day from sunrise to sunset is less than 
10 hours. 

DISCUSSION 

Shrub-althea, a woody plant, behaves as a typical long-day plant 
when grown from the seedling stage and subjected to different 
daily periods of exposure to da^^ight in summertime, since flowering 
is favored by an increasing length of day. A daily exposure of 10 
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Figure i.—Buginvillea glabra grown with 10 and 12 hours of daylight each day and with full length of 
day (C). The tests began May 16, 1934, at which time the plants were cut back to 46 inches. The plant 
receiving 10 hours of daylight each day budded June 28, and flowered July 9 at a height of 75 inches; the 

g iant receiving 12 hours of daylight each day budded July 25, and flowered August 4 at a height of 82 
iches; the plants receiving the full daylight had not budded m late October. Flowering normally takes 
place in December, as shown in figure 5. Photographed August 7, 1934. 



Figure 6.— Bougainvillea flowering in the greenhouse in response to the short days of the wintertime. The 
first flowers appeared in December 1933 and the plant was in full bloom February 1, 1934. This Is one 
of the plants shown in figure 4 and was induced to flower a second time by reducing the length of day 
Photographed February 16, 1934. 
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hours entirely inhibits flowering and greatly retards growth. The 
plants grew slowly, being compact and much branched, with a very 
stocky main stem and short tmck branches. A daily exposure of 12 
hours is distinctly unfavorable to flowering, but growth is improved. 

The turkscap nibiscus is decidedly indeterminate in its flowering 
response, since it flowers under all lengths of day from 10 hours of 
daylight to the full length of day at Washington, D. C. For this rea- 
son it finds a place as a useful garden ornamental in Florida and other 
warmer parts of the United States. It flowers readily far northward 
in summertime, and continues to be floriferous under greenhouse 
conditions in wintertime. However, being a tender shrub, it is not 
suitable for outdoor culture where severe winter weather prevails. 

Bougainvillea, flowering best on a shortened length of day, behaves 
as a typical short-day plant. This is indicated by its natural tend- 
ency to flower only in midwinter, when the days are shortest, and 
from the fact that it remains in a flowerless vegetative condition in 
summertime. In this latitude a day length of only 10 hours is not 
attained until November 16. The winter flowering behavior is 
shown in figure 5. 

These tests witii shrub-althea and the tropical bougainvillea indicate 
that both woody plants are quite as sensitive to diflerent lengths of 
day as those annual and perennial herbaceous plants which have been 
classed as typical long-day or short-day plants. 

The poinsettia, also a woody plant, early received attention.^ 
It is obvious that the bougainvillea and the poinsettia have a very 
similar type of behavior, both flowering when the days are very short. 
They may be regarded as typical short-day woody plants, since both 
flower on a shortened length of day. Both are native to the tropical 
and subtropical regions of the Americas, the bougainvillea being a 
native of Brazil, the poinsettia of the warmer parts of Mexico and 
Central America. From the fact that their flowering responses are 
rigidly dependent upon daily exposures to daylight for 12 hours or 
less, these plants normally have no horticultural value as flowering 
plants in northern latitudes except under warm greenhouse conditions 
in wintertime. 

The shrub-althea, a long-day plant, attains flowering on a length- 
ened day, and because it is floriferous when the summer days are very 
long becomes useful as a garden ornamental in far-northern latitudes 
in summertime. A plant which is useful both in the Tropics and tmder 
outdoor conditions in high latitudes must be of the indeterminate 
type with respect to length of day. 

SUMMARY 

Shrub-althea (Hibiscus syriacus L.) behaves in response to length 
of day as a typical long-day plant, i. e., it flowers in response to a 
lengthened day. Exposure to 10 hours of daylight each day does 
not allow flowering. Daily exposure for 12 hours is unfavorable to 
flowering. Flowering takes place under all lengths of day from 12 or 
12.5 hours to and including at least the full length of day; of 15 hours 
in the WasWgton, D. C., region, but abundant flowering is associated 

* Garner, W. W„ and Allard, H, A. further studies in photopbriodism, the response of the 
PLANT TO RELATIVE LENGTH OF DAY AND NIGHT. JouT. Agr. Research 23: 871-920, illus. 1923. 

6889-85 8 
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with the longer periods of exposure. Growth and elongation are 
also favored by the longer daily exjjosute. _ , 

The turkscap hibiscus {Malvaviscus comattii Greenman) is in- 
different or indeterminate in its response to different lengths of day 
within the range covered by the tests. The plants are more compact 
in habit of growth and more floriferous under the shorter daily ex- 
posure periods, i. e., 10, 12, 12.5, and 13 hours. 

Bougainvillea {Buginvillea glabra Choisy) behaves as a tTOical 
short-day woody plant, flowering on shortened lengths of day. Even 
in midsummer, when the plants are strictly vegetative; flowering is 
quickly initiated by daily exposure to 10 hours of daylight. Under 
the same conditions exposure to 12 hours of daylight each day was 
distinctly less favorable to flowering. 

The day-length requirements of the woody plants shrub-althea, 
bougainvillea, turkscap hibiscus, and pqinsettia are now fairljr well 
understood. The shrub-althea, bougainvillea, and poinsettia are 
quite as sensitive to the factor of length of day as any of the herbaceous 
/'plants. It is evident that the usefulness of all these plants for certain 
seasons and regions depends as much upon their particular length- 
of-day requirements as upon any other factor. 



PLEOSPORA ROT OF TOMATOES' 

By G. B. Ramsey 

Senior paihohgisty THvuion of Fruit and Vegetable Crops and Diseases^ Bureau of 
Plant Industry f United States Department of Agriculture 

INTRODUCTION 

In the investigation of the various diseases causing losses of fruits 
and vegetables during transit, storage, and marketing, a new or 
unusual fungus is sometimes encountered on produce from a more or 
less localized district. Whether the causal organism is just becoming 
established in that locality, whether certain new host relationships 
account for the initiation of the disease, or whether the immediate 
climatic conditions happened to favor the growth of the organism 
is often difficult to determine. Pleospora rot of tomato {Lycoper- 
sicon escvlentum Mill.) furnishes an interesting example of a disease 
induced by an organism known to have been present in the Salinas 
district of California for at least 11 years without causing serious 
damage, but later, for reasons not miaerstood, becoming an impor- 
tant factor in the shipping of tomatoes from that district. 

In November 1919, a few tomatoes showing an unusual type of 
decay were obtained from cars of California tomatoes received on 
the Chicago market. At that time the disease was of little economic 
importance but was of scientific interest since a Pleospora with an 
associated Macrosporiurn was isolated from the advancing edge of 
numerous lesions, and a sear(‘h through the literature failed to reveal 
any mention of a pleospora rot of tomatoes. Cultures of this fungus 
have been kept in stock since that time, and each year during Novem- 
ber and December other cultures of the organism have been isolated 
from tomatoes showing similar symptoms on arrival at the Chicago 
market. 

For the past 3 years this disease has been of great economic im- 
portance to the California tomato crop grown for marketing during 
the early winter months. So far as has been observed the disease is 
not important in those tomato-growing districts of California that 
ship in other seasons of the year, and it has not been found elsewhere 
except in Mexican stock shipped during January. Within the past 
2 years a few specimens of pleospora rot have been obtained from 
shipments of Mexican tomatoes arriving on the Chicago and New 
York markets. 

Two hundred and forty-eight isolations of species and strains of 
Altemaria and Macrosporiurn have been made from tomatoes re- 
ceived from practically all of the tomato-producing sections of the 
country; but, with the exception of the Macrosporiurn having the 
Pleospora stage herein reported, none of them have developed the 
perfect stage either on the fruit or in pure culture. There are nu- 
merous reports of Alternaria and Macrosporiurn species associated 
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with varioTis types of decay in tomatoes. As indicated bjr Ramsey 
and Link (7),® many of these organisms are found following other 
diseases such as phoma rot, blossom-end rot, and sun scald, while 
others appear primarily as wound parasites following growth cracks or 
mechanical injuries, or in the stem scar. These fungi are especially 
destructive to tomatoes during long transit periods, on track, or in 
the ripening rooms on the receiviM markets. 

McWhorter (4) in Virginia and Samuel (S) in South Australia have 
described a stem-end rot of tomatoes induced by Macrosporium 
solani Ell. and Mart., and Douglas (^) in California reported a new 
altemaiia spot of tomatoes caused by an oreanism which he believed 
differed from both M. solani and M. tomato Cke. The types of lesions 
described in these reports are similar in some respects to those pro- 
duced by the Macrosporium stage of the Pleospora isolated from 
California tomatoes. However, no perfect stage was observed by 
the investigators mentioned, and a study of the conidia readily 
shows the difference between these fungi and the one described in the 
present paper. 

ECONOMIC IMPORTANCE 

The best idea as to the seriousness of pleospora rot of tomatoes 
may be obtained from a study of the inspection reports made by the 
Food Products Inspection Service of the Bureau of Agricultural 
Economics, United States Department of Agriculture, on the condi- 
tion of tomatoes arriving on the larger markets. From these reports 
it is apparent that the amount of decay induced by Pleospora varies 

g eatly from season to season and also with the length of the haul. 

ecay develops slowly in green tomatoes during the first 3 or 4 days 
in transit and then makes more and more rapid headway as the 
fruits begin to ripen. Consequently, the tomatoes arriving on the 
New York market and other eastern markets often show from 10 to 
25 percent more pleospora rot than similar stock received on the 
Chicago market. 

Upon arrival in New York in November 1931, a car of California 
tomatoes showed 90 percent of the fruit infected at the stem end 
■mih. Pleospora. Another car of tomatoes arrived on this market 
showing only 2 percent decay, but after the tomatoes had been al- 
lowed to ripen in the car on the tracks for almost 2 weeks 50 to 60 
percent of them showed serious decay induced bj Pleospora. A car 
of California tomatoes that passed shipping-point inspection, con- 
taining 85 percent U. S. No. 1 tomatoes with no appreciable decay, 
was found to have 25 to 80 percent, or an average of 55 percent, 
pleospora rot when the stock was finally marketed in New York. 
Numerous cars of California tomatoes shipped during November and 
December in the last 3 years have shown from 25 to 50 percent loss 
on account of this disease. The mature, good-quality stock ripens 
during transit or soon enough after arrival to escape great loss, but 
the immatme or poor-quality stock, which ripens slowly and must 
often be held for a week or more for ripening, is subject to very 
heavy decay. 


* Reference is made by number (italic) to Literature Cited, p. 42. 
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THE DISEASE 
DEVELOPMENT AND SPREAD 

No study has been made of the development and spread of pleospora 
rot in the field; consequently, no data are at hand concerning its 
prevalence on growing tomato plants. From studies of the early stages 
of the disease as found in commercial shipments received on the Chicago 
market and from correspondence with Federal-State shipping-point 
inspectors, it is evident that close observation is necessary to detect 
the presence of early infections about the stem scar of green tomatoes. 
It appears probable that the fruit pedicels and calyx sometimes harbor 
the fungus and that under favorable moisture and temperature con- 
ditions the organism works its way from this source down into the 
fruit. In wet weather or during fogs spores lodging under the calyx 
may also germinate and penetrate the tissues at the edge of the stem 
scar before the fruit is harvested, or follow immediately in wounds 
incident to harvesting. There is no evidence that the fungus spreads 
through the wrappers from one tomato to another during transit. 

SYMPTOMS 

Small brown V-shaped to oval spots at the edge of the stem scar or 
in mechanical wounds elsewhere on the fruit are the first visible 
symptoms of pleospora rot (pi. 1, ^4, .B). These lesions appear some- 
what similar to those produced by PAoma, but as they enlarge the 
brown color is retained and usually a small amount of gray to grayish- 
brown mycelium is noticeable over the lesion, whereas in typical 
Fhoma lesions of the same size the affected tissues are black and there is 
no visible surface mold. Spots one-half inch or more in diameter 
generally show the black pimplelike perithecia forming in the central 
region. Tomatoes arriving on the market after a 5- to 8-day transit 
period show lesions varying from one-fourth to three-fourths of an 
inch in diameter. As the tomatoes ripen the fungus progresses rapidly, 
and a moderately firm greenish-brown to brown decay may involve 
one-fourth of a fruit within 10 days after it is shipped (pi. 1, B, C). 
The greatest losses are sustained in shipments of tomatoes that must 
be held on track or in the humid ripening rooms for several days before 
they ripen enough to be placed on the market. Under these humid 
conditions there is usually an abundant development of mycelium 
wliich characterizes the Macrosporium stage of tMs fungus (pi. 1, 
( 7 , E), The black perithecia of Pleospora lycopersici are prominent in 
the older lesions (pi. 1, jB). 

Typical Pleospora lesions show evidence that the fungus entered 
through or at the edge of the stem scar. The organism penetrates into 
the fniit one-half inch or more, causing a moderately firm dark-brown 
decay such as that shown in plate 1 , B, and in many mstances it dis- 
colors the vascular elements underneath the scar and along the side 
walls of the fruit. Wlien infection takes place through wounds on the 
sides of the tomato the vascular elements are not discolored. 

INOCULATION EXPERIMENTS 

The pathogenicity of both the Pleospora and Macrosporium stages 
of this fungus is readily established by inoculation experiments. 
Mature-green tomatoes, selected for freedom from disease and blem- 
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ishes, were sterilized in a solution of formaldehyde (1 to 240) for 3 
minutes and then rinsed in steiHe water before inoculations were made. 
In each experiment several tomatoes were inoculated by placing 
mycelium and spores in small punctures through the skin of each fruit. 
The results obtained from such experiments show that the decay 
induced progresses slowly in green tomatoes and that as the fruits 
ripen the development of the lesions becomes more and more rapid. 
Changes in the chemical composition of the fruit during ripening 
influence the rate of growth of the fungus. Changes in acidity of the 
fruit juices probably play an especially important part. Commer- 
cially mature-green tomatoes are somewhat acid (pH 4.7), while 
tomatoes ripe enough for table use are much less acid (pH 6.01). 

Mature-green tomatoes inoculated as described above and held at 
45° F. develop lesions that can barely be detected witliin 10 days, 
and at 55° the lesions reach an average diameter not much greater 
than one-fourth of an inch in 10 days. The fungus becomes more 
active at 65°, and lesions one-fourth of an inch in diameter are produced 
in a week and lesions five-sixteenths of an inch in diameter within 10 
days. On cutting the fruit held under these conditions it was found 
that the average diameter of the lesions within the locules was one- 
half inch. At 70°, the temperature at which most tomatoes are held 
for ripening, the average internal diameter of lesions developed in 10 
days is about three-eighths of an inch, whereas the external lesions are 
about one-fourth of an inch. The rate of enlargement of lesions begins 
to slow down at 75°, few spots reacldng a diameter greater than one- 
fourth of an inch and a depth of five-sixteenths of an inch witliin 10 
days. In mature-green tomatoes held at 85° no development of 
decay could be detected in 10 days. 

Ripe tomatoes inoculated with Pleospora and held at 65° F. develop 
lesions almost one-half an inch in diameter in 1 week and a little less 
than five-eighths of an inch in diameter in 10 days. At 70° decayed 
areas one-half inch in diameter are developed in a week, and these 
lesions are approximately five-eighths of an mch in diameter within 10 
days. Above 70° the rate of enlargement of lesions diminishes rather 
rapidly. At 75° lesions develop only one-fourth of an inch in diameter 
in a week, and within 10 days most spots do not reach a diameter 

t reater than five-sixteenths of an inch. Only slight development of 
ecay can be detected after 10 days in fruits held at 80°. 

Because of variations in the manner of growth of Pleospora in 
inoculated tomatoes and unavoidable variations in the maturity of 
the fruits, the size of the lesions developed does not always indicate 
accurately the effects of the different temperatures upon the fungus. 
In some mstances the fungus grew extensively inside the seed cavity 
while the external lesions remained relatively small. In making final 
readings on inoculated tomatoes the lesions were cut and cogmzance 
was taken of the development in the interior of the fruit. For the 
direct effect of temperature changes upon the growth rate of the fungus 
reference should be made to figure 1, which shows the diameters of 
the fungus colonies that developed on the flat surface of potato- 
dextrt^e agar in Petri dishes held at the specified temperatures. The 
artificial media does not correspond exactly with that made 
in the tomato fruit, but it is interesting to note that the minimum, 
optimum, and maximum temperatures for the growth of the organism 




1, Malure-preen tomato showing the early stages of pleospora rot about the stem scar; /i, mature*green 
tomato showing two V-shai>ed early stages of decay at the edge of the stem scar, and an advanced stage 
with gray surface mycelium, C, mature-green tomato showing the greenish-brown decay and well- 
developed grayish-hrown niyeeliuni of the JMacrospohum stage characteristic of tomatoes held on track or 
in the moist atmosphere of ripening rooms, D, section through stem end of mature-green tomato showing 
well-developed greenish-brown to Drown decay and slight discoloration of the vascular elements under- 
neath the stem, E, advanced stage of decay of ripe tomato showing mature black perithocia. 
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agree rather closely with the results obtamed in the inoculation 
experiments. 

THE CAUSAL ORGANISM 

IDENTITY 

A check of the measurements of the Pleospora isolated from Cali- 
^rnia tomatoes indicates that it is identical with Pleospora lycopersiei 
E. and E. Marchal (5), which was described in 1921 as a new fungus 
causing a fruit rot of tomatoes^ in Belgium. The conidial stage, deter- 
mined as Macrosporium sardnaeforrne Cav.,®' was also observed at 
that time, but no description was given of the type of lesions produced. 

The measurements for the California strain of Pleospora lycopersiei 
as developed on potato-dextrose agar are as follows: Perithecia, 
265M-375MX325/i-550|tf average 325/iX425/i; asci, 22.5m-32.5mX 
125.5M-192.5At, average 28.2AtX167.0Ai; ascospores, 12.5m-19.0X 
30.0At-41.0At, average 15.2AtX34.4At; conidia, ll.0At-15.0AtX20.0At-36.5At, 
average 13.5AtX26.0M. 

Except for a previous report by the writer (ff), apparently no men- 
tion has been made of the occurrence of this fungus in the United 
States. 

DEVELOPMENT 

When the perithecia become moist or are placed in a drop of water 
the asci exude through the ostiole. As they emerge they absorb water 
very rapidly and by breaking through a thin place in the apex of the 
outer wall (pi. 2, D) the inner flexible wall elongates until the ascus 
is about twice its original length (pi. 2, C). The thicker, somewhat 
gelatinous inner wall continues to absorb water until the internal 
pressure becomes so great that it breaks. This wall usually ruptures, 
either at the tip of the ascus or just above the ring (pi. 2, C) made 
by the tip of the outer wall after it contracts towards the base of the 
ascus, as described by Atanasofl (7) for Pleospora herbarum (Pers.) 
Rabh. In the second instance the asco-spores are expelled laterally, 
while in the first the spores arc ejected singly through the small orifice 
at the apex much after the manner of shooting Roman candles. 
Hodgetts (5) describes a shnilar method of spore discharge in Lepto- 
sphaeria acvta (Moug.) Karst. The ascospores and conidia of P. 
lycopersiei germmate readily in water and in tomato juice. In water 
at nwm temperature the germ tubes of ascospores develop within 3 
hours to the extent shown in plate 2, E. 

The drawings by El. and Em. Marchal (5) show the conidia to be smooth-walled. The epispores of the 
conidia belonging to the Pleospora isolated from California tomatoes are minutely eohinulate. In some 
stages of development the conidia appear smooth, but characteristically theepispore is definitely echinulate 
(pi. 2, F, O, H). This character, tc^ether with the sarcinaeform type of spore, would place the conidial 
stage in the genus Ihprospora as established by Tehon and Daniels (9), in which Thyrospora sareinaeforme 
(Cav.) comb. nov. is made the type species. 


EXPLANATORY LEGEND FOR PLATE 2 

A, Longitudinal section through a mature perithecium of Pleospora lycopersiei, J3, Longitudinal section 
through a perithecium showing some stages In the development of asci and spores C, Ruptui^ ascus 
showing six spores in the gelatinous matrix of the inner wall and two spores remaining in the foot of the ^us. 
The ring made by the broken outer wall, which contracts toward the base of the ascus, is shown Just below 
the group of six spores. D, Mature ascus before absorption of water and elongation by rupture of outer wall. 
The small white V-shaped notch in the tip of the ascus marks the thin place in the wall at which ru^re 
occurs. E, Ascospores germinated in water. F, Conldiophores and conidia showing three developin^tal 
stages. G, Four mature conidia. H, Mature conidium greatly enlarged to show echinulation of the spore 
wffl. /. Plate culture of P. lycopersiei showing white saltant sectors, which produce perithecia but not 
conidia. J, Plate culture of P. lycopersiei showing the rapidly developed gray mycelium of the Afocrespo- 
rium Bt^^fe in oontrast with the white to light-gray slower growing mycelium of the Pleospora stage. 
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CULTURE STUDIES 
Development op Colonies 

Cultures grown from single ascospores on potato-dextrose agar 
usually produce conidia (pi. 2, F, 6) within a week, and shortly there- 
after numerous perithecia begin to form (pi. 2, /). Mature ascospores 
are not found within the perithecia (pi. 2, Ay B) until the cultures are 
2 to 3 weeks old. Colonies grown from single conidia develop in the 
manner described above, both conidia and ascospores being formed in 
the usual length of time required for plantings made from mycelium 
and ascospores. 

Cultural Characters 

This fungus, when grown on potato-dextrose agar slants in test 
tubes, can be separated readily from ordinary Alternaria and Macro- 
sporium cultures by the rose-colored crescent formed at the top of 



TEMPERATURE C®F) 

Figure I.-— Average diameters of colonies of Pleo$pora developed in 7 days on potato-dextrose agar pll 4.7 
(black bars) and pH 6.01 (light bars) at specified temperatures 

the slant. This colored crescent is 2 to 4 mm wide, and the pigment 
does not diffuse into the agar as is characteristic of the chromogenic 
Alternarias. Occasionally certain strains grown in plate cultures at 
high temperature develop a slight yellowish diffusible pigment, but 
this is not common for the oi^anism, whereas the rose crescent is 
characteristic. So far, it has been the writer’s experience that all 
Macrosporium cultures that when solated from tomatoes and other 
hosts developed this rose crescent have produced a Pleospora stage. 

Cultures of Pleospora lycopersici developed from single spores have 
a marked tendency to produce saltant sectors such as that shown in 
plate 2, I. Some saltants, like the white V-shaped areas, develop 
rudimentary perithecia which seldom produce well-formed asci and 
spores. The remaining dark-gray, more rapidly growing part of the 
colony bears conidia and few perithecia. In plate 2, J, is shown a 
white cottony sterile growth in the center of the colony and a 
well-developed gray Macrosporium stage bearing conidia in great 
abundance. 
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Effect of Acidity and Temperature on Growth Rate 

In figure 1, which shows graphically the diameters of colonies of 
Pleospora that developed in 7 days at different temperatures, data 
are given on the effects of aciditv upon the growth rate of the fungus 
on an artificial medium. In all experiments of this kind k potato- 
dextrose agar was used. For direct comparison studies a large amount 
of this medium was made and then divided into two lots; one lot was 
titrated to pH 6.01 and the other to pH 4.7. These acidities were 
arrived at by testing numerous mature-green tomatoes and tomatoes 
that were ripe enough to be in prime condition for salads. The aver- 
age pH value of the mature-green fruits was 4.7, whereas that of the 
ripe tomatoes was 6.01. 

The height of the black columns in figure 1 represents the weekly 
growth in diameter of the fungus culture on potato-dextrose agar of 
the acidity of mature-green tomatoes (pH 4.7); the light columns 
indicate the corresponding growth made on agar of the acidity of ripe 
tomatoes (pH 6.01). In this figure it is readily seen that at all tem- 
peratures at which appreciable development was made the fungus 
grew more rapidly on the less acid medium. This is in complete 
accord with transit and market observations made on natxu*ally infected 
and on artificially infected tomatoes, all of which showed more rapid 
decay in the ripening fruits. It should be noted, however, that the 
difference in the amount of decay made on green and ripe fruits is 
proportionately much greater than the difference between the size of 
the colonics developed on agar at pH 4.7 and 6.01 at corresponding 
temperatures. A probable explanation of this difference in the rate 
of development of the organism is that changes other than those in 
acidity, made during the ripening of the fruit, are also important in 
influencing the growth rate and consequently the amount of decay 
induced by this organism. 

The minimum temperature for the development of Pleospora lyco- 
persici on potato-dextrose agar (pH 4.7 and 6.01) is approximately 
35° F., and the maximum is 90°. Slight growth is made at these 
temperatures for the first 2 or 3 days and then all development ceases, 
although the organism is not killed at either of these extremes. The 
optimum temperature for the development of this fungus is 70°. 
As indicated in the graph, very poor growth is made at all tempera- 
tures up to 55° and above 85°, while at the temperatures at which 
tomatoes are shipped and ripened (60° to 80°) growth is favored. 
Change in the growth rate could be detected whenever the fungus 
showed a marked tendency toward developing either the conidial 
stage or the perfect stage to the exclusion or near exclusion of the 
other. The conidial stage, Macrosporium sarcinaeforme, always grew 
faster at higher temperatures, and its optimum was about 5° higher 
(75°) than that for the Pleospora stage. The colony illustrated in 
plate 2, J, which was developed from a single central planting, shows 
the variability in growth rate of the different stages of this organism. 

SUMMARY AND CONCLUSIONS 

Pleospora rot of tomatoes was first recognized in the United States 
in a car of California tomatoes received on the Chicago market in 
November 1919. Pure cultures of the causal organism were obtained 
at that time, and since then numerous other isolations of the fungus 
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have been obtained. Pleospora rot has been found only in California 
tomatoes marketed during November and December and in Mexican 
stock shipped in January. 

The disease induced by Pleospora has become increasingly im- 
portant during the past 3 years. Losses of as high as 50 to 90 percent 
of the tomatoes in some cars have been reported. Infections may take 
place in the tomatoes while still in the field or during harvesting and 
packing. Decay develops slowly during the first 3 or 4 days in transit 
while the fruits are green, but as they ripen decay progresses more 
rapidly. Spots varying from one-fourth to three-fourths of an inch 
in diameter may develop during transit. Greenish-brown to brown 
moderately firm decayed areas involving one-fourth of a fruit have 
been developed in ripening tomatoes within 10 days after shipment. 
The Macrosporium stage is evident on the fruits at the time of 
arrival on the markets, and in most lesions one-half an inch in di- 
ameter the Pleospora stage is also evident. 

Mature-green tomatoes inoculated with Pleospora lycopersid and 
held at various temperatures show little or no decay below 45° F., 
or above 80°. The greatest development of decay takes place at 65° 
to 70°. Decay developed more rapidly in inoculated ripe tomatoes 
at all temperatures, but the minimum, optimum, and maximum 
temperatures were about the same as for green fruits. 

The fungus isolated from California tomatoes has been found to be 
identical with Pleospora lycopersid, w’hich was described in 1921 by 
El. and Em. Marchal as a new fungus causing decay of tomatoes in 
Belgium. The conidial stage, Macrosporium sarcinaejorme Cav., w’as 
reported by them, and it has been found constantly associated with 
the Pleospora stage in California tomatoes. Single-spore cultures 
made from either ascospores or conidia give rise to both the Pleospora 
and Macrosporium stages of the fungus. 

On potato-dextrose agar (pH 4.7 and 6.01) the minimum tempera- 
ture for growth of the fungus was 35° F., the optimum 70°, and the 
maximiun 90°. In cultures having a distinct tendency toward pro- 
ducing the Macrosporium stage the growth rate was more rapid than 
in those cultures in which the Pleospora phase was dominant. The 
optimum temperature for the development of the Macrosporium 
stage alone was about 75°. At all temperatures at which appreciable 
development of the fungus was made, the growth rate was more 
rapid on the agar having a pH value of 6.01 (the average acidity of 
ripe tomatoes) than on one having a pH value of 4.7 (the average 
acidity of mature-green tomatoes). This harmonizes with the fact 
that most rapid and serious decay induced by Pleospora lycopersid 
takes place on the market in tomatoes that are in the turning and 
ripe stages. 
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A CHEMICAL INVESTIGATION OF THE FERMENTATIONS 
OCCURRING IN THE PROCESS OF POI MANUFACTURE • 

By Leonora Neuffeb Biloer, collaboralor in chemical research, and Hono Yip 

Young, assistant in chemical research, Hawaii Agricultural Experiment Station 

INTRODUCTION 

In a bulletin of the Hawaii Agricultural Experiment Station (B) * 
Allen and Allen discussed, from the bacteriological standpoint, the 
fermentations occurring in the preparation of poi. They concluded 
that the fermentation of poi might he divided into two phases, the 
first, covering 5 or 6 days, in which bacteria of a high acid-producing 
type predominated; and the second, extending from the third to the 
sixth day, in which a flora of yeasts, mycoderms, and oidia was 
increasingly prevalent. This paper reports the results of an attempt 
to identify chemically the products of bacterial action shown by 
Allen and Allen to occur in poi at different stages of fermentation. 

So far as the specific products of fermentation are concerned, the 
study resulted in qualitative detennmations only. Attempts to secure 
quantitative data led to the conclusion that the physical nature of poi, 
variations in samples, exceedingly small quantities of fermentation 
products, and the effect of even very slight variations in conditions 
upon such small quantities rendered quantitative determinations 
practically impossible. The quantities could only be roughly indi- 
cated. 

Preliminary to the identification of the specific products of fermenta- 
tion, quantitative determinations were ma,de of starch, reducing 
sugars, volatile acids, and nonvolatile acids in fresh poi ® and in poi 
at various stages of fermentation. These data proved of value in 
predicting the products of the chemical and bacteriological changes. 
Quantities of fresh poi were obtained as needed from a poi factory in 
Honohdu. Attempts to use frozen poi were abandoned early in the 
work because it was found difficult to secure the uniformity of samples 
necessary for analytical purposes. 

ANALYSIS OF FRESH POI 


Methods used in the analysis of fresh poi for moisture, starch, 
pentosans, reducing sugars, sucrose, proteins, fat, crude fiber, ash, 
phosphorus, and calcium were standard methods taken, in the 
main, from Allen (i, t'. 1), Official and Tentative Methods of Analysw 
(S), and Browne (4). Reducing sugars were determined by McAllep’s 
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methylene blue method (7) . The results, which are averages of tripli- 
cate determinations, are given in the following tabulation : 


Percent 


Moisture 69.3 

Starch (takadiastase) 27. 0 

Pentosans 1.3 

Reducing sugars .6 

Sucrose 03 

Proteins .31 


Percent 


Fat 0. 07 

Crude fiber 39 

Ash - 46 

Phosphorus 067 

Calcium . 018 


These data account for approximately 99.5 percent of the weight 
of poi used for analysis and, considering unavoidable variations in 
samples, the starch and reducing sugars found check well with those 
recorded in table 1 for 0-hour poi. 


DETERMINATION OF STARCH AND REDUCING SUGARS PRESENT 
IN POI AT THE VARIOUS STAGES OF ITS FERMENTATION 

Starch and reducing sugars were first determined together by acid 
hy^olysis of the starch. Then reducing sugars alone were determined 
by the colorimetric blood sugar method (6) . The percentage of starch 
was obtained by difference. The chief difficulty encountered in this 
analysis lay in the mechanical separation of reducing sugars from 
starch. Centrifuging poi and water mixtures for 30 minutes at 
1,500 revolutions per minute w&s substituted for filtering. The 
variations in the amounts of reducing sugars and starch present in poi 
during fermentation from the stage of fresh poi, 0 hour, to sour poi, 8 
days, are shown in table 1. 


Tablb 1 . — Reducing sugars and starch in poi at various stages of fermentation 


Age of poi at 
time analyzed 

Re- 

ducing 

sugars 

Starch 

Age of poi at 
time analyzed 

i 

Re- 

ducing 

sugars 

Starch 

Age of poi at 
time analyzed 

Re- 

ducing 

sugars 

Starch 

0 hour 

6 hours 

12 hours 

18 hours 

Per- 

eent 

0.53 

.48 

.14 

.10 

Per- 

cent 

25.6 

25.8 

20.0 

25.8 

24 hours 

2days--- 

3 days..- 

4 days 

Per- 

cent 

0.10 

.11 

.14 

.12 

Per- 

cent 

26.0 

25.8 
24.5 

23.9 

5 days 

6 days 

7 days 

8 days 

Per- 

cent 

0.12 

.15 

.18 

.15 

Per- 

cent 

23.4 

23.2 

23.2 

22.2 


Allen and Allen {2) state, from bacteriological evidence only, 
that there is little doubt that the fermentation of poi is a complex 
one and that the immeifiate evidence of fermentation, such as the 
evolution of carbon dioxide and an increase in acidity, indicate that 
carbohydrates are among the first substances to be attacked. The 
data in table 1 show a rapid decrease of sugars early in the fermenta- 
tion. The fair deg;ree of constancy of the percentage of reducing sugars 
from 12 hours to 8 d^s is consistent with the continuous diminution 
in starch content. The fairly constant values found for reducing 
sugars after the first 12 hours may be accounted for by a counter- 
balancing due to starch hydrolysis, or the constant values may indi- 
^te that all reducing sugars had been fermented and that the values 
foimd result from nonfermentable reducing substances present in the 
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The decrease in starch content shown in table 1 was predicted 
by Allen and AUen (:?) and is consistent with the anticipated behavior 
of the micro-organisms found by them. They state that there is 
reason to believe that during the period of acid production consider- 
able starch is hydrolysed and thus converted into available energy. 
However, Miller (S), who studied the microbial fermentation of poi, 
failed to find any appreciable decrease in starch content. Allen and 
.Allen { 2 ), in commenting on MiUer’s data, state that since a pH 
value was not given for the fresh poi, the sample very probably was 
comparatively acid at the time of starch analysis and hydrolysis had 
already occurred. 

DETERMINATION OP VOLATILE AND NONVOLATILE ACIDS PRES- 
ENT IN POI AT THE VARIOUS STAGES OF ITS FERMENTATION 

The methods described in Official and Tentative Methods of Analy- 
sis (S) were used to determine volatile and nonvolatile acids. Fifty- 
gram samples of poi of the ages shown in table 2 were used. Each 
sample was mixed with 100 cc.of water and centrifuged for 5 minutes 
at 1 j500 revolutions per minute. The supernatant liquid was decanted, 
additional water placed in the centrifuge tubes, and the centrifuging 
and decanting repeated untO 500 cc of a water extract of the poi 
sample was obtained. The extract was distilled by ordinary distilla- 
tion with periodic checking of the distillate by titration and the addi- 
tion of water to the distilling flask, as described in Official and Tenta- 
tive Methods of Analysis (S). Volatile and nonvolatile acids were 
determined by titration with 0.2 normal sodium hydroxide solution. 
The results are given in table 2. 

Table 2. — Volatile and nonvolatile acids expressed as milligrams of hydrogen in 

50-g samples 


Aro of poi at 
time analysed 

Vola- 

tile 

acids 

Non- 

volatile 

acids 

Age of poi at 
time analyzed 

Vola- 

tile 

acids 

Non- 

volatile 

acids 

Age of poi at 
time analysed 

Vola- 

tile 

acids 

Non- 

volatile 

acids 

Ohour 

2 hours 

1.00 

.87 

0.93 

.99 

1 day 

3 days ; 

i 

1.60 

3 15 

1.40 

2.07 

7 days 

10 days 

3.56 

5.75 

4.41 

4.36 


The micro-organisms found in Allens^ bacteriological study to be 
present in poi are capable of inducing chemical changes which result 
m the formation of both volatile acids such as formic, acetic, propionic, 
and butyric, and nonvolatile acids such as lactic, oxalic, citric, malic, 
tartaric, and succinic. Those micro-organisms responsible for the 
volatile acids are known to be more active in the later stages of fer- 
mentation of poi than in the earlier stages. 

IDENTIFICATION OF SPECIFIC SUBSTANCES PRESENT IN POI AT 
VARIOUS STAGES OF ITS FERMENTATION 

The results of the complete analysis of poi, the study of reducing 
sugars and starch, the determination of^ volatile and nonvolatile 
acids, and the identification of micro-oiganisms through the bacterio- 
logical investigation made possible some definite predictions sa to 
products resulting from the chemical changes induced by the micro** 
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organisms. Allen and Allen {2) state that the acid-producing; bac- 
teria of the Streptococcus and LactobacUlus species, the pnncipal 
agents of fermentation, are able to produce not only large qu^tlties 
01 lactic acid but also moderate quantities of acetic, propionic, suc- 
cinic, and formic acids, in addition to traces of acetone and alcohol. 
The species of yeasts, mycoderms, and oidia, present in much smaller 
numbers, could not account for the major chemical changes but could 
cause the formation of alcohol, carbon dioxide, and some acetic acid. 

In the chemical study search was made for lactic, acetic, formic, 
propionic, butyric, malic, tartaric, succinic, citric, and oxalic acids, 
carbon dioxide, alcohol, acetone, and aldehyde at the stages from 0 
hour to 10 days. Table 3 summarizes tliis study and is followed by a 
discussion of results. 


Table 3. — Results of experimentation to determine specific substances resulting from 
chemical changes induced by micro-organisms at various stages of poi fermentation ^ 


Substance found 

Ohour 

2 hours 

1 day 

3 days 

5 days 

7 days 

10 days 

Lactic acid 

++ 

+-f- 

4-++ 

+44- 

+ 4+ 1 

+44 

4+4 

Acetic acid 

0 

4-4- 

+-f 

++ 

+44 

+4+ 

4+4 

Formic acid 

0 

4-4- 

+4- 

++ 

4+ 

4+ 

+4 

Alcohol 

0 

4- 

+ 

+ 

4 

4 

4 

Acetaldehyde 

0 

0 

4- 

+ 

+ 

+ 

•4 

Carbon dioxide 

++4- 

+4-f 

4-4.4. 

+4+ 

444 

+4+ 

+4+ 


1 0 iodioates the absence of the indicated substance, + that traces were found, ++ that the substance was 
present in small amounts, and +++ that appreciable quantities were present. 


The treatment of poi samples and the methods used in testing for 
the various substances referred to in table 3 were briefly as follows: 
Alcoholic extracts (1, v. 1) of lactic, acetic, and formic acids, were 
obtained by triturating 100-g samples with 75 cc of 95-percent alcohol. 
The alcoholic extracts were filtered, diluted, made alkaline wth 
excess of sodium carbonate, concentrated to small volumes, clarified 
with a decolorizing carbon, neutralized with hydrochloric acid, and 
boiled to remove carbon dioxide. These solutions were subjected to 
qualitative tests (/,»./; 5) . To detect lactic, formic, and acetic acids, 
qualitative tests (i, v. 1; 5) were also applied to properly prepared 
samples, obtained from the distillation of volatile acids by the Dyer 
method (5). 

The guaiacol, iodoform, aldehyde, and ferric chloride tests were 
used for lactic acid. Also, calcium lactate crystals were prepared 
from a sample of 900 g of fresh poi and identified by qualitative tests 
and by microscopic comparison with crystals of U. S. P. calcium 
lactate. For acetic acid, the concentrated sulphipic ^id, ethyl 
acetate, and ferric chloride tests were applied. The mercuric chloride, 
silver nitrate, and ferric chloride tests were used for formic acid 

a, 1 ; 6 ). 

Tests for alcohol (1, v. 1; 9) and for acetaldehyde (I, v. 1; 9) were 
applied to samples of the distillates obtained in the determination of 
volatile acids and also to samples prepared as follows: One-hundred- 
gram samples of poi, at the fermentation stages indicated in table 3, 
were distilled with 150 cc of water, made slightly alkaline with 6 nor- 
mal sodium hydroxide, and distilled over a water bath at a temperature 
of 50° 0. and under pressure of 100 mm until 100 cc of distillate were 



July 1 . 1035 Fermentations Occurring in Process of Poi Manufacture 49 


obtained. For alcohol, the ethyl acetate, ethyl benzoate, iodoform, 
and alkaline potassium permanganate tests were used, and for 
acetaldehyde, the Feliling, ammoniacal silver nitrate, aldehyde resin, 
and Nessler tests were applied. 

Propionic acid, butyric acid, liigher fatty acids (5), malic acid, 
tartaric acid, succinic acid, citric acid, oxalic acid (f, v. f), and 
acetone (1 , v, 1) were absent at all stages of fermentation. Tests for 
these substances were made both on alcoholic extracts of poi and on 
residues remaining from the distillation of volatile acids. 

While it is known that a butyric ferment is present in poi, it was 
proved that lactic acid is not converted to butyric acid under ordinary 
conditions of fermentation either in the early stages of fermentation 
or in poi which has fermented as long as 15 days. However, butyric 
acid was isolated and identified (f, i\ 1; 5) from a mixture of poi and 
calcium carbonate which had been allowed to stand for 15 days. No 
butyric acid was obtainable from poi in earlier stages of fermentation 
even in the presence of calcium carbonate. The well-known unpleas- 
ant odor and taste of very old poi may be accounted for by the forma- 
tion of butyric acid as the acidity diminishes upon long standing. 

SUMMARY AND CONCLUSIONS 

The chemical investigation of the fermentations occurring in poi 
manufacture included a (‘omplete analysis of poi, the determination 
of reducing sugars, starches, volatile acids, and nonvolatile acids pre- 
sent at various stages of fermentation, and the identification of the 
products of fermentation. The analysis showed poi to be a starchy 
food consisting of about 09 percent water, 27 percent starch, and 
relatively small amounts of other substances. Reducing sugars 
decreased rapidly in the early stages of fermentation and remained 
fairly constant in amount from the stage of 12 hours to 8 days. 
Starches decreased from the second to the eighth day of fermentation. 

The fermentation products identified were lactic acid, acetic acid, 
formic acid, alcohol, acetaldehyde, and carbon dioxide. These are 
consistent with the predictions made from the bacteriological study 
of the micro-organisms described by Allen and Allen {2). The results 
of the investigation show that the fermentations occurring in poi 
manufacture arc due primarily to the action of micro-organisms on 
carbohydrates. 
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RESULTS OF FEEDING SPROUTED OATS TO CORRECT 
STERILITY IN CATTLE AND SWINE* 

By L. A. Henke 

Animal husbandman ^ Hawaii Agricultural Experiment Station 

INTRODUCTION 


The idea that sprouted oats might have value in restoring breeding 
power to cows temporarily sterile due to diet deficiencies probably 
had its origin in the work of Evans and Bishop ^ and others. These 
writers, working with rats, demonstrated the existence of a hitherto 
unrecognized vitamin which was later called vitamin E. 

Preliminary experiments on the feeding of sprouted oats to tempo- 
rarily sterile cows were initiated as early as 1923, and more elaborate 
experiments were started in 1925 at the Beltsville dairy farm of the 
Bureau of Dairy Industry of the United States Department of Agri- 
culture.^ This work was continued, and in 1930 the results of feeding 
sprouted oats to cows which were temporarily sterile and in which no 

1 )athological conditions could be found were given by Graves.^ Mil- 
er and Graves * in reporting on the health records of the Beltsville 
herd give details on the methods of feeding sprouted oats and report 
that 57 females were directly benefited and 31 were not benefited, 
as judged by the number of services required to produce conception. 
In 27 cases, the cows conceived to a service just previous to the start 
of the oat feeding, and it is not definitely known whether such feeding 
was beneficial. There was no evidence that sprouted oats were 
helpful to the cows showing pathological changes in the genital organs. 

Moore ® of the Mississippi Agricultural Experiment Station fed 
sprouted oats to fTersey and Ayrshire heifers which had failed to 
breed. In several cases such oat feeding was helpful, but in others 
the results were negative. 


EXPERIMENTS WITH CATTLE 


EARLY OBSERVATIONS AT THE HAWAII STATION 


The feeding of sprouted oats to heifers and cows that exhibited an 
abnormal breeding behavior was started in January 1927. These 
included animals which seemingly did not have the normal oestrum 
periods or, if the periods occurred normally, did not conceive when 
bred. Oats were germinated in trays and fed at the rate of 2 pounds 
(dry weight before germinating) per day until such time as the cows 
were thought to be pregnant. This plan was continued for about 
3K years. 


i UNRECOONIZKD DIKTAKY FACTOR 

8. Dept. Agr.. Bur. Dairy Indus. Ann. 
risDiNn, and managnmbni invkstioations. D. S. Dept. Agr., Bor. 

Agr. Espt. Sta. 

Ann. Kept. (1926-27) 40: 23. 1927. 
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Six of these oat-fed cows were animals that had failed to show any 
definite signs of being in heat after an average of 192 days after 
calving. Four of them exhibited heat periods and were successfully 
bred after an average of 13 davs of oat feeding. A fifth cow was 
successfully bred in her second oestrum, which occurred 39 days 
after a 17-day oat-feeding period had been discontinued. The sixth 
cow was fed sprouted oats for 110 days, during which time she had 
two heat periods and was bred, but neither of these 2 services or the 
6 that followed over a period of 1 year resulted in pregnancy. 

One other cow had had 5 services, none of which resulted in preg- 
nancy. This cow was then fed sprouted oats for 171 days, during 
which time there were 4 more services, none of which resulted in 
conception. 

EXPERIMENTS WITH FEEDING OATS 

As the early observations, while lacking controls, were in general 
rather favorable to sprouted oats as a feed, a more definite experiment 
was planned which began November 1, 1930. For this experiment, 
the following classes of cows were considered as having abnormal 
breeding behavior: 

Class 1, heifers 24 months of age or older that seemingly show no heat periods. 
Such heifers were fed sprouted oats from the time they were 24 months old till 70 
days after the last bull service. 

Class 2, cows that had not come in heat within 4 mouths afier calving. Such 
cows were fed sprouted oats after this 4-month period till 70 days after the last 
bull service. 

Class 3, cows and heifers that had been bred once but had come in heat again. 
Such cows were fed sprouted oats till 70 days after the last service by the bull. 

Class 4, the cows that had been the control groups in classes 1, 2, and 3 during 
the earlier part of the exjieriment and were still nonpregnant. 

This plan included all animals in the herd except such as might be 
on some special test which would confuse the results. The first 
animal which fitted into one of the classes was fed sprouted oats 
as indicated ; the second cow was not fed oats but was considered as 
a control animal; the third cow was fed oats; the fourth was not, etc. 
All the experimental animals received ample green feed daily. 

Oats were germinated in trays and fed when the sprouts were from 
one-half to 2 inches long, at the rate of 2 pounds of oats (dry basis) 
per cow per day. For the most part, the cows ate the sprouted oats 
fairly well. 

The tables show the residts of feeding oats in the various classes. 
The reaction of each cow to the agglutination test for abortion is 
shown in all cases, the first character showing reaction at 1 to 25 
dilution, the second at 1 to 50 dilution, and third at 1 to 100 dilution. 

Table 1 gives the record of the cows in class 1. 
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Table 1. — Record of individual cows in class 1 


Group 

Cow 

no. 

Agglutina- 
tion test > 

Period 
from 24 
months 
of age to 
service 
that re- 
sulted in 
preg- 
nancy or 
last serv- 
ice pre- 
vious to 
sale 

Period oats 
were fed 

Bull services 

Before 

preg- 

nancy 

After 

preg- 

nancy 

Before 

feeding 

oats 

After 

feeding 

oats 

Fed oats 

/ 103G 

1 112H 
/ 106H 

1 121G 

P _ 

•f - - 

Days 

469 

2 

SI 

343 

Days 

113 

2 

Days 

0 

69 

Number 

0 

0 

4 

1 

Number 

5 

1 


v^oniroi --- 








Calf 

produced 


Yes. 

Yes. 


No. 


» Capital P means partial, plus sign (+) positive, minus sign (--) negative. 
* Oats not fed. 


Pregnancy did not occur in cow 103G till 353 days after sprouted- 
oats feeding had been stopped. Pregnancy occurred in cow 112H 
only 2 days after the feeding of oats was started. It is doubtful 
whether oats feeding was a determining factor in either case. 

The data for the individual cows in class 2 that were continued in 
the herd long enough to get final calving data are shown in table 2. 


Table 2. — Record of individual cows in class 2 


Group 


Cow 

no. 


Fed oats... 


Control 


9711 
lOOH 
36G 
92H 
49H 
101 G 
72H 
65U 
U08H 
910 
95H 
99H 
G2H 
104H 
31H 
72H 
109H 
11311 


V 860 


Agglutina- 
tion test > 

Date of last 
(irevious par- 
turition 

Peri(Mi 
from 
calving 
to flrst 
ob- 
served 
heat 
period 

Period 

from 

calving to 
service 
that re- 
sulted in ! 

preg- 
nancy or 
last serv- 
ice pre- 
vious to 
sale 

Period oats 
were fed 

Bull services | 

Calf 

pro- 

duced 

Be- 

fore 

preg- 

nancy 

After 

preg- 

nancy 

Be- 

fore 

feed- 

ing 

oats 

After 

feed- 

ing 

oats 









Nvnh 

Num- 






Days 

Days 

Days 

Days 

her 

her 


P 

— 


Aug. 11,1930 

191 

m 

227 

0 

0 

4 

Yes. 




Nov. 7,1930 

165 

299 

91 

0 

0 

2 

Yes. 





July 12,1931 

240 

240 

111 

70 

0 

1 

Yes. 





July 31.1931 

141 

426 

99 

0 

0 

4 

Yes. 



-f 

Nov. 8.1931 

159 

159 

.38 

69 

0 

1 

Yes. 




Aug. 29,1932 

1.56 

156 

2 

70 

0 

1 

Yes. 


_ 



Jan. 9, 1933 

140 

140 

4 

70 

0 

1 

Yes. 




— 

Jan. 20.1933 

130 

415 

75 

0 

0 

3 

Yes. 



__ 

Jan. 214,19:13 

165 

205 

84 

70 

0 

3 

Yes. 




June 2,1930 

176 

479 




5 


Yes. 




Aug. 12.1930 

124 

430 




5 


Yes. 




Dec. 11,1930 

168 

168 




1 


Yes. 




May 4,1931 

195 

214 



2 


Yes. 





July 20,1931 

139 

139 



1 


Yes. 

-f 



Sept. 12, 1931 

133 

133 



1 


Yes. 

+ 

— 

_ 

Oct. 16,1931 

178 

178 




1 


Yes. 

P 

_ 


Aug. 1,1932 

169 

169 




1 


Yes. 




▲ iiff 27 10!12 





0 


No. 

- 


- 

AUK* AwOA 

Dec. 17,1932 

152 

152 



1 


Yes. 


1 ('apital P means partial, plus sign (+) positive, minus sign (— ) negative. 
> Oats not fed. 
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All of the 9 oat-fed cows eventually produced calves; 9 of the 10 
cows in the control group also produced calves. The 9 oat-fed cows 
were fed sprouted oats for an average of 81 days before pregnancy, 
and in adoition 5 of them were fed oats for 70 days each after preg- 
nancy. The plan was to feed all of them sprouted oats for 70 days 
after pregnancy, but in the case of 4 of the cows the final breeding 
period, wmch resulted in pregnancy, did not occur till 70 or more days 
after the previous service, which was assumed to have resulted in 
conception. 

For the cows which produced calves, an average of 2.2 services 
were required per conception in both the oat-fed and the control 
groups. 

Two of the cows, 72H and 86G, appear in both the oat-fed and con- 
trol groups but for different gestation periods. This is possible since 
this experiment covered a period of nearly 4 years. 

For the 9 oat-fed cows an average of 165 days occurred from the 
time of calving to the first observed heat period and 268 days to the 
service that finally resulted in pregnancy; for the 9 cows in the con- 
trol group, the corresponding figures are 159 and 229 days, respec- 
tively. 

The data for the cows in this class fail to show that feeding sprouted 
oats was of any value in bringing about conditions favorable to 
pregnancy. 

In class 3, oat feeding was started after the first heat period that 
occurred after the one when the cow was first bred and continued for 
70 days after the last heat period when the cow was bred. Seventy 
days provides time enough for tliree normal oestrum periods. If none 
occurred, it was assumed that the cow was pregnant and oat feeding 
was stopped. Actually, however, in 11 cases out of 27, heat periods 
did occur later after none had been observed in the 70-day oat-feeding 
period. In these cases after oat feeding had been stopped it was not 
started again, and oats were fed only previous to pregnancy, because 
the cow was believed to be pregnant when oat feeding was stopped. 
The results are shown in table 3. 

Of 27 oat-fed cows and heifers in class 3, 20, or 74 percent, produced 
calves; of the 25 control animals, 18, or 72 percent, produced 
calves. The cows in the oat-fed group were fed oats an average ^ 
115 days each, and for the 20 cows that produced calves, 3.4 services 
were required per conception. In the control group the 18 cows that 
produced calves required 4.2 services per conception. 

Since a period of about 4 years elapsed during this experiment, a 
cow might appear twice in the same group or in both groups, for, as 
previously explained, every other cow exhibiting the same apparent 
breeding trouble, in the order in which it occurred, was fed oats. 
Thus, 2 cows appear twice each in the oat-fed group, 3 appear twice 
each in the control group, and 8 appear in both groups. 

Of the oat-fed group, 7 cows were fed oats both before and after 
pregnancy; 12 were oats fed only before pregnancy and 8 only after 
pr^nancy. 

For the 18 oat-fed cows (heifers excluded) that produced calves, an 
average of 282 days elapsed between the last previous parturition and 
the service that fmally resulted in pregnancy; for the 15 control cows 
(heifers excluded), an average of 252 days was required. 
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Table 3. — Record of individual cows in class 3 


Group 

Cow 

no. 

Agglutina- 
tion test 1 

Date of last 
previous par- 
turition 

Period 
from calv- 
ing to 
service 
that re- 
sulted in 
pregnancy 
or last 
service 
previous to 
sale 

Period oats 
were fed 

Bull services 

Calf 

pro- 

duced 

Before 

preg- 

nancy 

After 

preg- 

nancy 

Before 

feeding 

oats 

After 

feeding 

oats 







Datfs 

2>ays 

Day* 

Number 

Number 



6lG 

— 

— 

— 

Apr. 21,1929 

758 

64 

70 

7 

2 

Yes. 


80G 

— 

— • 

— 

July 19,1929 

472 

70 

0 

2 

0 

No. 


6411 

P 

— 

— 

Feb. 9, 1930 

272 

0 

70 

4 

0 

Yes. 


»8H 






138 

0 

4 

4 

No 


49H 


4- 


Feb. 12,1930 

325 

0 

70 

2 

0 

Yes. 


45H 

— 

— 


Mar 3a 1930 

1,112 

449 

0 

3 

12 

No. 


74H 



— 

May 29,1930 

214 

19 

78 

2 

1 

Yes. 


31U 



— • 

June 10,1930 

185 

0 

70 

2 

0 

Yes. 


89G 

— 

— 

— 

July 18,1930 

246 

0 

70 

2 

0 

Yes. 


72H 

P 

— 

— 

Sept. 12, 1930 

132 

0 

115 

2 

0 

Yes. 


106H 






0 

70 

2 

0 



96G 

— 

— 

— 

Nov. 27, 1930 

263 

70 

0 

2 

1 

Yes! 


42H 


— • 


Jan. 9.1931 

173 

20 

70 

2 

1 

Yas. 

Fed oats 

770 



+ 

Jan. 30,1931 

301 

191 

70 

2 

4 

Yes. 


62H 

— 

— 

— 

May 3, 1931 

414 

70 

0 

4 

9 

Yes. 


101 G 

— 


— 

July 3, 19:U 

135 

12 

71 

2 

1 

Yes. 


6011 

— 

— 

— 

Oct. 16,1931 

220 

0 

70 

2 

0 

Yes. 


890 

— 

— 

— 

Jan. 4. 1932 

207 

0 

70 

2 

0 

Yes. 


1140 

... 





69 

0 

2 

1 

No. 


102n 

— 

— 

— 

Apr. 25,1932 

258 

69 

0 

2 

6 

No. 


122H 






70 

0 

2 

1 

Yes. 


8311 

— 

— 

— 

July 11,1932 

252' 

17 

70 


1 

Yes. 


lllH 

— 


— 

July 29,1932 

471 

105 

0 

‘ 2 

2 

Yes. 


82H 

— 

— 

-- 

Sept. 3,1932 

225 

87 

71 

i 2 

3 

Yes. 


105H 


— 

— 

Sept. 21, 1932 

290 

86 

0 

2 

2 

Yes. 


8511 


— 

— 

Oct, 14,19.32 

535 

287 

0 

2 

9 

No. 


42H 

— 


— 

Mar. 3a 1933 

385 

117 

0 

2 

1 5 

No. 


oou 




Dec 15, 1929 

392 



5 


Yes 


82H 




May 31, 1930 

184 



3 


Yes. 


32G 




June 29, 1930 

367 



4 


No. 


68U 

+ 

+ 

4 . 

June 30, 1930 

i 194 



1 5 


Yes 


940 




July 9, 1930 

288 



5 


Yes 


105H 






9 


Yea. 


6511 




Sept. 23, 1930 

199 



4 


Yes 


1070 






4 


Yes. 


83H 

p 



Nov. 19, 1930 

.3^ 



6 


Yas 


59H 


4- 

p 

Nov 23, 1930 

496 



9 


No. 


670 


4 . 

4 . 

Dec ’ 26, 1930 

199 



4 


Yes. 


109H 

4- 





3 


Yes. 

Control * « 

8511 


__ 

— 

Jan. 14,1931 

367 



8 


Yes. 


88H 




Mar. 10, 1931 

112 



2 


Yes. 


71H 




July 29, 1931 

367 



2 


Yes. 


79H 

p 



Aug. 19*, 1931 

326 



4 


Yes. 


74H 

P 



Oct 1 1931 

202 



2 


Yes. 


940 




Feb. 7,1932 

255 



4 


No. 


1170 







2 


No. 


IlOU 




Feb, 28,1932 

240 



2 


No. 


Kin 




Mar 7 1932 

311 



3 


No. 


01 Vjr 

770 

+ 

P 


IvA-CU « < f 4 IFU* 

Sept. 2,1932 

154 



4 


No. 






Oct. 12, 1932 

235 



4 


Yes, 


00X1 

112H 




Dec 17,1932 

123 



2 


Yes. 


74H 

P 

- 


Jan.* 28,1933 

265 



3 


Yes. 


» Capital P means partial, plus sign (+) ijositive, minus sign (~) negative. 
3 Oats not fed. 


Examinations for abnormal conditions in the reproductive organs 
of the cows were made in only a few cases. 

Except that the number of services required per conception were 
slightly lower in the case of the oat-fed cows, there is little else to 
suggest that feeding oats was helpful to the cows in this class. 

During the latter part of the experiment, the cows that had formed 
the control groups of the first three classes were designated as class 4 
and were fed sprouted oats to note their effect on animals that had 
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failed to conceive normally over a long period. Class 4 included all 
controls in the dairy that had not had a heat period or had had a 
reoccurrence of a heat period 7 months or later after calving, and 
heifers that had not yet calved, that had not had a heat period by 27 
months of age, or had had a reoccurrence of a heat period after that 
age. It was believed that if such animals should become pregnant 
after feeding sprouted oats, it would definitely indicate that sprouted 
oats had value in correcting sterility in dairy cattle. 

In the case of 3 of these cows, 2 of which had had 3 previous services 
and 1 had had 2, the service preceding the beginning of oat feeding by 
2, 3, and 4 days, respectively, resulted in pregnancy, indicating a value 
in possibly preventing reabsorption of the fetus. 

One sterile heifer that had had 3 services previous to feeding oats 
was fed sprouted oats for 68 days, during wliich time no symptoms of 
being in heat were observed; but after oat feeding had been stopped, 
there were 4 more heat periods at each of which she was bred but 
pregnancy did not result. An examination by a veterinarian failed 
to show any pathological conditions in the reproductive organs of this 
heifer. 

Three other cows in tliis group seemingly were not benefited by 
feeding oats, but for reasons of economy it was necessary to dispose of 
them. 

EXPERIMENTS WITH SWINE 

EARLY OBSERVATION TESTS 

The feeding of sprouted oats to sows was started early in 1928, about 
1 year after observation tests along this line were started with cows. 
Sprouted oats were fed at the rate of 1 pound (dry basis) per sow per 
day to sows that had an abnormal breeding schedule until the sows 
were beheved to be pregnant. Eighteen such sows were oat-fed, 5 of 
which later proved to be pregnant by a service which preceded the 
oat-feeding period. Of the other 13 sows, 11 producea litters, and 
with 7 of these sows there is some indication that the feeding of sprout- 
ed oats was helpful. Oats were fed for an average of 106 days. The 
other 4 sows that produced litters did not conceive till an average 
of 134 days after oat feeding had been discontinued. The two that 
did not produce litters were fed sprouted oats for 202 and 195 days, 
respectively, but to no avail. 

The abnormal or irregular breeding schedule mentioned above of 
the 9 sows consisted in their not having any observed heat periods and, 
of the other 4 sows, in having repeated heat periods after having been 
bred once, or in some cases, several times. 

LATER EXPERIMENTS 

The observation tests seemed sightly favorable to feeding sprouted 
oats, so a more definite experiment was planned November 1, 1930, 
which provided for control as well as oat-fed animals and also classes 
for different types of breeding irregularities. 

Class 1, gilts 10 months or older that seemingly did not come in heat. Such 
gilts were fed sprouted oats from the time they were 10 months old till 60 days 
after the boar service which seemed to have resulted in pregnancy. 

Class 2, sows that had not been observed in heat 4 months after farrowing. 
Such sows were fed sprouted oats till 60 days after the last service by the boar. 
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Class 3, sows that had been bred once but came in heat again. Such sows 
were fed sprouted oats beginning at the first heat i>criod following the one when 
the sow was bred, and oat feeding was continued till 50 days after the last boar 
service. 

Class 4, sows in the control groups of classes 1, 2, and 3, that had failed to 
breed after a long period. 

The first animal which fitted into one of the three classes was fed 
sprouted oats, the second was not fed oats but was considered as a 
control, the third sow was oat-fed, etc. Occasionally, for various 
reasons, some deviation from this plan was necessary. Both the oat- 
fed and the control animals were generally fed at least 1 pound of 
green alfalfa or other green feed per animal daily. 

Oats were germinated in trays and fed when the sprouts were 
from one-half to 2 inches long at the rate of 1 pound (dry basis) per 
sow per day. 

The results in class 3 are shown in table 4. During the period of 
this experiment, November 1, 1930, to the end of 1934, all of the 
gilts had heat periods by the time they wore 10 months old, so there 
were no animals that fitted .into class 1. Only 1 sow^ in class 2 was 
fed oats, and she had a heat period and was successfully bred 2 days 
after oat feeding was started. In the control group 3 sows not fed 
oats were successfully bred at the first observed heat period 141, 143, 
and 193 days, respectively, after the previous farrowing date. 

Table 4. - Hecord of individual sowtt in c/tt.s« S 


Oroup 


Fed oats. 


CoQtrol K 



84T 

103T 

losn 

HOT 

H3n 

114B 

HIT 

H4B 

mB 

124T 

126T 

H4B 

121B 

87T 

103T 

112B 

H5B 

106B 

124T 

lOflB 

U8T 

109T 

23T 

H8T 

123B 

109T 


Date of last 
previous 
parturition 

Period 
from far- 
rowing to 
service 
that re- 
sulted m 
preg- 
nancy 


Days 

Auk 31, 1029 

— 

jiiiy "7, J931 

131 

Nov. 28, J931 

153 

June' «, i»32 

1 147 

Nov. 27, 1932 

1.58 



.^pt. 6,1933 

’ 173 

July ‘29,1933’ 

381 

May 10,1934 

138 

Feb. 24,1931 


Dec. 1 , 1931 

120 

Oct. 10,19b 



Mar. b, Vm 

196 

Mar. 14, im 

150 

July 13,1933 

112 

Dec. 9, 1933 

2M 

do. 

1.35 

Mar. 3,1934 

197 


Period oats 
were fed 

Boar services 






Litter 





Before 

After 

Before 

feed- 

After 

feed- 

pro- 

duced 

preg- 

nancy 

preg- 

nan(;> 

mg 

oats 

mg 

oats 


Days 

Days 

Number 

Number 


121 

0 

3 

4 

lNo 

20 

50 

3 

1 

Ves. 

0 

50 

2 

0 

Yes. 

17 

60 

2 

1 

Yes. 

16 

.50 

2 

1 

Yes. 

0 

47 

2 

0 

Yes. 

0 

50 

2 

0 

Yes. 

32 

50 

2 

1 

Yes 

0 

60 

2 

0 

Yes. 

39 

51 

2 

2 

Yes. 

73 

50 

2 

3 

Yes. 

82 

0 

5 

. - - 

No. 

71 

0 

2 

5 

Yes. 

0 

58 

1 ^ 

0 

Yes. 



2 


No. 



3 


Yes. 



2 


Yes. 



2 


No. 



4 


No. 



2 


Yes. 



0 


Yes. 



4 


Yes. 



3 


Yes. 



5 


No. 



G 


Yes. 



2 


Yes. 



3 


Yes. 





1 Oats not fed. 

Of the 14 oat-fed sows in class 3, 12, or 86 percent, produced litters; 
of the 13 controls, 9, or 69 percent, produced litters. The sows in the 
former group were fed oats an average of 73 days each, and for tlie 
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12 sows that produced litters, an average of 3.25 services were required 
per conception. In the control group, the 9 sows that produced 
utters required 3.44 services per conception. 

During the period of the experiment, 1 sow appears twice and 1 
^w three times in the oat-fed group. Two sows each appear twice 
in the control group, and four dmerent sows are found in both ^oups. 
This is possible since a period of about 4 years elapsed during the time 
of the experiment. 

Of the oat-fed group, 6 sows were fed sprouted oats both before 
and after pregnancy; 3 were oat-fed only before, and 5 only after 
pregnancy. 

For the sows that had previous litters, the average number of days 
that elapsed between the previous farrowing date and the service that 
finally resulted in pregnancy was 183 and 167 days, respectively, for 
the oat-fed and the control groups. 

While the farrowing j)ercentage is a little h^her with the oat-fed 
sows, there is little else in these data to indicate that the feeding of 
sprouted oats was particularly helpful in correcting sterility or 
reducing the time required for conception to ocoir. 

Class 4, which was started in January 1932, included all sows in the 
control groups that had not had an observed heat period or had a 
reoccurrence of a heat period 7 months or later after fanowing. 
These sows were fed sprouted oats till 50 days after the occurrence 
of the last heat period. 

Of 5 sows that had failed to become pregnant while in the control 
groups and hence were put in class 4, 3 produced litters, the average 
period of feeding oats being 51 days. Two othere that were fed oats 
for 74 and 132 days, respectively, failed to conceive and were finally 
sold. 

SUMMARY AND CONCLUSIONS 

It has been suggested that sprouted oats may contain a vitamin or 
other substance which perhaps because it prevents reabsorption of 
the embryo or other beneficial action, causes animals that are tem- 
porarily sterile to again become pregnant. 

Early experiments with feeding sprouted oats to such animals gave 
rather favorable results. For lack of controls, however, definite 
conclusions were not possible and an experiment was planned in 
which every other breeding animal exhibiting a certain abnormal 
breeding behavior was fed sprouted oats and the alternating animals 
were placed in control groups. 

Of 38 cows with an irregular breeding behavior, to which sprouted 
oats were fed, 31, or 82 percent, produced calves; of 37 cows with 
the same irregular breeding behavior that were put in the control 
group, 28, or 76 percent, produced calves. 

Although in the case of some cows the feeding of sprouted oats 
seemed definitely helpful, equally good restilts were secured where 
oats were not fed. In general, this experiment does not demonstrate 
any definite value of sprouted oats for correcting sterility in cows. 

Of 15 oat-fed sows, 13, or 87 percent, produced litters; of 16 con- 
trol animals, 12, or 75 percent, produced litters. In addition, 3 of 5 
sows that were fed sprouted oats after having failed to conceive for a 
long period in the control groups finally produced litters. While 
there is some indication here that feeding sprouted oats was of some 
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value when fed to shy breeders, the evidence is by no means conclu- 
sive. 

All cows in the university herd receive ample green feed daily, and 
all sows in the university piggery, including both oat-fed and control 
groups were generally fed at least 1 pound of green alfalfa or other 
green feed per sow per day. If sprouted oats contain some substance 
resulting in beneficial action to shy breeders, it is possible that the 
same substance may be found in other green feeds. The feeding of 
sprouted oats to shy breeders might show more definite results if 
other green feeds were withheld from the experimental animals. 




STUDY OF THE REMOVAL OP SPRAY RESIDUES FROM 

APPLES ‘ 

By Donald E. H. Frear, instructor \n agricultural and biological chemistry y and 

H. N. WoRTHLEY, associate professor of economic entomology y Pentisylvania 

Agricultural Experiment Station ^ 

INTRODUCTION 

The problem of the removal of spray residues from apples is of 
comparatively recent origin in Pennsylvania, where climatic condi- 
tions and a relatively light infestation of the codling moth until 1 929 
combined to permit the production of clean fruit with few spray 
applications. Since that time, however, the codling moth popula- 
tions in the commercial apple-growing centers have increased to 
such an extent that heavier and more frequent applications of arsenic- 
als arc now necessary. A schedule calling for five cover sprays in 
1932 caused some crops to show residues of arsenic in excess of the 
tolerance. In 1933 restrictio'ns were placed on lead, regarding the 
removal of which little was known. During the 1933 season, there- 
fore, spraying was reduced to a minimum, with the result that 
excessive residues were avoided at the cost of an alarming increase 
in codling moth damage. It became clearly evident that intensive 
spraying would be necessary in 1934, and that the apple crop would 
doubtless require washing to meet residue tolerances. 

While the fundamental facts concerning the removal of spraj^ 
residues from apples are rather well understood, the fact piat condi- 
tions peculiar to a locality do exist makes generalization impossible. 
In addition, the recent developments in methods for the accurate 
determination of small amounts of lead make possible a more thorough 
understanding of the behavior of this element under washing condi- 
tions. 

During the season of 1934 a program of research in methods of 
apple washing was instituted, the results of which are reported in 
this paper. 

The work was planned to give information on the method best 
suited for the removal of spray residues from apples grown under 
Pennsylvania conditions. A number of factors of climate and locality 
are obviously variable in any study of this kind. The extended 
investigations on spray-residue removal conducted at other institu- 
tions, therefore, are valuable only insofar as they can be applied to 
local conditions; hence some of these studies repeat, for Pennsylvania, 
work which has been done elsewhere. It will be noted later that 
certain conclusions and recommendations based on investigations in 
other localities do not apply here. 

1 Received for publication Mar. 19, 1935; issued August 1935. Technical mm no. 
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EXPERIMENTAL CONDITIONS AND PROCEDURE 

Part of the work was done in a laboratory set up in the largest 
commercial apple-growing section of Pennsylvania, in the south- 
central part of the State. The samples, for the most i)art, were col- 
lected with the cooperation of the growers of that section, but some 
were collected from the college orchard from experimentally sprayed 
trees; the work on these samples was conducted m the laboratories at 
State College, Pa. Over 500 samples were experimentally washed. 

The varieties of apples were as follows: York Imperial, Stayman 
Winesap, Grimes Golden, Jonathan, Rome Beauty, Smokehouse, 
Delicious, Ben Davis, Stark, Hubbardston, and Yellow Newtown. 
The latter five varieties were represented by only a few samples. 

The mean temperature for the south-central section of the State 
was slightly above normal during the season of 1934 except during 
August. The rainfall records taken at Arendtsville indicated a total 
precipitation for the summer months as follows: June, 6.04 inches; 
July, 2.51 inches; August, 5.96 inches; September, 14.09 inches. 
On each of 6 days during September, 1 inch or more of rain fell; 
the rainfall totaled 7.29 inches on 4 consecutive davs, September 14 
to 17, reaching nearly cloudburst proportions witn 3.48 inches on 
September 17. The figures indicate nearly normal rainfall during 
June and July, when most of the codUng-moth spraying was done, 
and a large excess in August and Septeml>er, most of this coming in 
heavy showers during the latter month. Thus in 1934 sprav applica- 
tions were subjected to an average amount of weathering during the 
spraying period and to a great excess of rainfall between the time 
of the last application and the date of harvest, especially for the late 
varieties. It is questionable that heavy concentrated downpours 
of rain are as effective in removing spray residues as are more gentle 
rains scattered throughout the growth period of the fruit. Samples 
analyzed both before and after the heavy September rains showed 
surprisingly little reduction in spray residues from this cause. It 
would appear probable, therefore, that the distribution of rainfall 
rather than the total quantity has the greater effect on residue levels 
at the time of harvest. 

Samples were taken by the authors, usually from the lower limbs 
of trees in the orchards. A sufficient number of trees were sampled 
to give a representative lot of apples of as nearly the minimum 
packed size as could be determined at the time of picking. An 
attempt was made to select apples of a fairly uniform size. It is 
well known that the smaller apples from the lower limbs of the trees 
usually carry the greatest amount of spray residue. When necessary, 
apples were taken from picking crates, but the same care was exercised 
in selecting for size and umformity. Most samples were washed 
within 10 days after picking. 

In the analysis of apple samples for lead, the method of Frear and 
Haley (S) “ was used, while arsenic was determined by the Gutzeit 
method, as described in the official methods (i, np. S06-S09). Both 
of these methods have been found satisfactory, although the accuracy 
of the lead determination is apparently greater than that of the 
arsenic estimation. The figures for the latter element are the mean of 
at least two determinations. The relative accuracy of the lead and 


* Reference is made by numbw (italic) to Literature Cited, p. 73, 
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arsenic methods, as well as the accuracy of sampling of apples, will 
be discussed elsewhere. 

The apple washers used were of two types: One was a flotation 
type, similar to the washer designed by Jennings,^ but with structural 
modifications. These modifications did not afl^ect the operation of the 
machine, the principle of operation of which was similar to several 
other types of flotation washers {2^ 4), The other washer was a com- 
mercial underbrush type of the latest model, in which the washing 
solution is violently agitated and thrown over the apples as they 
advance over roller brushes. This machine was fitted with a roller 
drier, while the flotation machine was not equipped with a diying 
apparatus. 

EFFECT OF VARIOUS FACTORS ON EFFICIENCY OF RESIDUE 

REMOVAL 

The experimental work was divided into a study of the effects of the 
following factors on the efficiency of apple washing: Type of washer, 
type of washing solution, wetting agents, the use of heated solutions, 
spraying materials used, time of application, and variety of fruit. 

EFFECT OF TYPE OF WASHER 

In this study only two types of washer were available for most 
of the comparisons, the flotation and the underbrush type. 

Table 1 gives the data secured by washing two varieties of apples 
sprayed with three different spray mixtures in flotation and bnish 
machines. While individual samples showed considerable variation, 
a statistical analysis of the figures presented showed the underbnish 
washer to be significantly more eflScient than the flotation washer in 
removing lead ; the underbrush machine also was more efficient in the 
removal of arsenic, but the difference was not so pronounced. 

The six samples identified in tliis and subsequent tables as 1, 2, 
and 3, are of both the York Imperial and Stayman Winesap varieties. 
They were secured in the college orchard and were treated as follows: 
Sample 1 received 6 cover sprays of 3 pounds of lead arsenate plus 8 
quarts of lime-sulphur solution in each 100 gallons; sample 2 received 
6 cover sprays of the same material, to which was added 2 pounds of 
skim-milk powder per 100 gallons; sample 3 received 6 cover sprays 
each containing 3 pounds of lead arsenate, 5 pounds of flotation 
sulphur and 1 quart of fish oil (cold-pressed menhaden, with less than 
2 ^rcent free fatty acids) in each 100 gallons of spray. 

The underbrush washer was also more effective than the flotation 
washer when the hydrochloric acid solution was used with a wetting 
agent, as shown in table 2. In these studies the period of exposure 
to the acid was 1 minute in the flotation washer, and 40 seconds in 
the underbrush machine. 

EFFECT OP DIFFERENT WASHING SOLUTIONS 

Several washing solutions were tested for their efficiency in remov- 
ing arsenic and lead residues from apples. 

< Jennings, B. A. the corneu. apple washer. Cornell Mimeograph Bull. 279, 14 pp. 1934. 
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Table 1, — Comparative effU:iency of lead and areenic spray residue removal from 
Yor k Imperial and Stay man Winesap apples by means of flotation and under ^ 
brush washers f various percentages of hydrochloric acid being used 

YORK IMPERIAL, LEAD 




Grain of lead or arsenic per pound of fruit In— 

Percent- 








ape of 
hydro- 

Tempera- 

ture 

(oy) 

Sample 1 

Sample 2 

Sample 3 

chloric 







acid in 







wash 


Flotation- 

Brush- 

Flotation- 

Brush- 

Flotation- 

Brush- 



washed 

wiished 

washed 

washed 

washed 

washed 

Before 

washing 


0 044 

0.044 

0 054 

0.064 

0.060 

0.060 

J 

60 

.016 

.014 

.016 

.018 

.025 

.020 

2 

60 

.020 

.016 

012 

009 

020 

.021 

1 

100 

. 010 

.009 

.015 

.010 

.016 

013 

2 

100 

.010 

016 

.012 

.009 

.021 

021 

Average 


017 

.014 

014 

012 

. 021 

019 



STAYMAN WINESAP, LEAD 



Before 








washing 


0 049 

0 049 

0 075 

0 075 

0 0S2 

0 0s2 

60 

.016 

.015 

.016 

012 

022 

1 .018 

2 

m 

.016 

.Oil 

010 

.018 

.020 

.018 

1 

100 

. 021 

OOS 

.020 

014 

01 3 

.012 

2 

m 

.012 

01» 

014 

016 

016 

.014 

Average 



.016 

012 

016 

.015 

.018 

016 


YORK IMPERIAL, ARSENIC TRIOXIDE 


Before 








washing 


0 015 

0 015 

0 022 

0 022 

0 020 

0 020 

60 

(XM 

.003 

fXX) 

(XXI 

.010 

(X)6 

2 

60 

.(X)6 

.003 

.004 

.003 

(KXl 

.005 

1 

100 

.004 

.003 

.006 

(X)3 

.004 

.005 

2 

100 

.003 

.003 

(XW 

(X)2 

005 

.(XM 

Average 


.(X)4 

.003 

OO.*) 

(X)4 

000 

.005 



STAYMAN WINESAP, 

ARSENIC TRIOXIDE 


Before 








wa.shing 

1 


0. 015 

0 015 

0 022 

0 022 

0.017 

0. 017 

60 

00.3 

(X)5 

004 

(X)4 

(K)7 

.007 

2 

60 

004 

.002 

.OBJ 

. 00:3 

.005 

.006 

1 

100 

003 

.004 

.004 

.006 

. 005 

. (X)5 

2 

100 

.002 

.(X)l 

.OCKl 

.(XM 

.005 

004 

Average 


.003 

.(X13 

.004 

.(XM 

006 

006 



Sodium Silicate 

Since sodium silicate has been used with considerable success in the 
apple-growing se(‘tions of the Pacific coast, an attempt was made to 
determine its practicability under local conditions. It was found that 
a cold solution of sodium silicate did not remove any appreciable 
amount of residue when used at a concentration of 80 pounds per 100 
gallons, and even when heated to 100® F. was not so effective as hy- 
drochloric acid. It may be mentioned at this point that few Pennsyl- 
vania growers have found it necessary to use oil sprays to any extent, 
and the beneficial effect of an alkaline wash is observed most readily 
when heavy oil applications have been made to the fruit. 




July h 1W5 


Removal of Spray Residues from Apples 


Table 2. — Effect of wetHna ugmte on the efficiency of lead and arsenic spray- 
residue removal from York Imperial and Stay man Winesap apples by means of 
fixation and brush washers, a ^-percent hydrochloric acid wash solution being used 

FLOTATION WASHER, 1 MINUTE 



Grains per pound of fruit of— 



Lead 

Arsenic trioxide 

Sample 

Original 

loi^ 

After 2 
percent 
HOI 
washing 

After 2 
percent 
HCl 
washing 
+ 

wetting 
agent B ^ 

Original 

load 

1 

j 

After 2 
percent 
HCl 
washing 

After 2 
percent 
HCl 
washing 

wetting 
agent B > 

York Imperial 1 i 

Stayman Wioesap 1 

York imperial 2 ' 

Stasrman Winesap 2 

York imperial 3 j 

Stayman Winesap 3 

0.(H4 

.(H9 

.054 

.075 

060 

.082 

0.020 

.016 

.012 

.Old 

.020 

020 

’ " 0 . 669 ’ 
.011 
.016 
.015 
.016 

0. 015 
.015 
.022 

1 .022 
.020 
.017 

0.006 

.004 

.004 

1 .oas 

1 .006 

.005 

0.002 

1 .001 
.001 
.003 
.004 
. 0 (M 


UNDERBRUSH WASHER. 40 SECONDS 


York imperial 1 

0. 044 

0.009 

0.007 

0.015 

0.003 

0.001 

Stayman Winesap 1.. 

.049 

Oil 

.013 

.015 

.002 

.002 

York Imperial 2 

054 

.010 

.(X)9 

022 

.003 

.003 

Stayman Winesap 2.. 

075 

018 

018 

.022 

.003 

.003 

York Imperial 3 

060 

.016 

.008 

.020 

.005 

. 002 

Stayman Winesap 3. . 

082 

.018 

.012 

.017 

.005 

.003 


> A odmmercial defoamlng agent was added to the solutions containing the wetting agents in both types 
of washers. As given in this and subsequent tables, wetting agent A was Areskap, 1 gallon per 100 gallons, 
and wetting agent B was Vatsol, 8 pounds per 100 gallons, plus 2 quarts of Degras (Antifoam no. 16). 


Sodium Carbonate and Soap 

A commercial {m^paration composed of sodium carbonate and a 
coconut-oil soap was tried in various concentrations, but was not 
considered effective enough to warrant extended investigation. 

Hydrochloric Acid 

Since dilute solutions of hydrochloric acid are the most widely used 
washing liquids, a large number of washings were made with this 
materid. It was found that among the solutions tested it was the 
most effective in reducing the amount of the residues. The concen- 
tration necessary to use on various varieties showing different levels 
of residue was studied in some detail. . . j • 

A large number of lots of apples of different varieties under various 
spray treatments were run through the flotation washer at r()om tem- 
perature, and the quantity of lead and arsenic removed by using 
hydrochloric acid at three concentrations was determined, ine time 
of immersion in the washer was 1 minute; and the 
given in percentage by weight of hydrochloric ^id.^ Table 3 shows 
the relative effectiveness of the three concentrations in remopng lead 
and arsenic. The results are expressed in percentage of residue (lead 
or arsenic trioxide) remaining on the fruit. 

Maximum removal was effected by the highest concentration, and 
only at this concentration was the removal of arsemc proportionately 
as great as that of lead. This important consideration has apparently 
— 6 
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not been mentioned in previous studies. Based on an average of all 
samples from various sources, the greatest eflSciency of removal of 
both lead and arsenic was apparentlv at an acid concentration of ap- 
proximately 2 percent by weight, when the period of immersion was 
1 minute, in a flotation washer. These generalized relationships may 
be changed by various factors, as will be shown later. 

Table Z. -^Percentage of original arsenic and lead spray residue remaining on 
apples ^ after 1 -minute exposure in flotation washer ^ various percentages of hydro- 
chloric acid being used 


Hydrochloric acid strength 

Number 

of 

samples 

Original residue re- 
maining on fruit 
after washing 

Lead 

Arsenic 

trioxide 



Percent 

Percent 

0.5 

10 

44.5 

61.5 

1.0-_ 

74 

33.1 

37.9 

2.0 

17 

29.5 

26.8 


1 See p. 62 for varieties represented in this table. 

Hydrochloric Acid and Salt 

The addition of salt to solutions of hydrochloric acid has been ad- 
vocated by several workers 7). Overley el al. (^), however, indicate 
questionable results at temperatures less than 110° F. An investi- 
gation of the possible usefulness of salt was undertaken. The figures 
m table 4 indicate that when small quantities of salt (1 percent) are 
added to dilute acid in a flotation washer the efficiency of the acid is 
not appreciably increased. When larger quantities of salt are added 
there is a decided decrease in the amount of lead removed, while the 
amount of arsenic removed is very slightly increased. 

Table 4. — Effect of added sodium chloride on the efficiency of lead and arsenic spray- 
residue removal from apples with hydrochloric acid wash solution 


Composition of wash solution 

Number 

of 

samples 

Average lead resi- 
due remaining on 
fruit after wash- 
ing with— 

! 

Average arsenic tri- 
oxide residue re- 
maining on fruit 
after washing 
with— 


Acid 

alone 

Acid 

+NaCl 

Acid 

alone 

Acid 

+NaCl 

1 percent HCl containing 8 pounds NaOl per 100 


Percent 

Percent 

Percent 

Percent 

gallons 

2 

26 

26 

50 

45 

1 percent HCl containing 60 pounds NaCl per 100 

gallons 

3 

28 

35 

25 

21 

1 percent HCl containing 100 pounds NaCl per ioo 


gallons - 

3 

28 

35 

25 

21 

2 percent HCl containing 100 pounds NaCl per 100 

gallons 

3 

23 

27 

28 

26 


Mixed Acids 


A mixture of 1 percent of hydrochloric acid and 0.5 percent of nitric 
acid was tried as a residue-removing solution. No apparent benefit 
was secured by the addition of nitric acid. 
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EFFECT OF WETTING AGENTS 

The work of McLean and Weber in 1931 {5) indicated that the use 
of a wetting or foaming agent increased the effectiveness of washing 
in the removal of spray residues. Several commercial products have 
appeared on the market, and a test of their efficiency under Pennsyl- 
vania conditions was considered desirable. In using these various 
products, the recommendations of the manufacturer regarding the 
quantity to be used were followed, when such recommendations were 
given; otherwise a 1 -percent solution by weight of the wetting agent 
was used. Table 5 gives typical results obtained. The data given 
in this table indicate that at least for the conditions of this test, these 
two wetting agents (the commercial preparations available to the 
apple industry) showed no consistent benefit. 


Table 5. — Effect of 2 commercial wetting agents on the efficiency of lead and arsenic 
spray-residue removal from several varieties of apples j 1- and 2-percent hydro- 
chloric acid wash solutions being used 


1 PERCENT HCl AND WETTING AGENT A» 



1 Grains per pound of fruit of— 


Lead 

Arsenic trioxide 

Variety of apples 

Original 

load 

1 

After 

HCl 

washing 

! 

After HCl 
washing + 
wetting 
agent 

Original 

load 

After 

HCl 

washing 

After HCl 
washing + 
wetting 
agent 


0 140 

0.033 

0 034 

0.024 

0.013 

0. 012 

firimes Goldftn 

.080 

.026 

.018 

.023 

.013 

.011 

RniokAhmi.<iA - 

.070 

.020 

.018 

.017 

.008 

. 009 

Hubbardston - 

.048 

.028 

.024 

.018 

.012 

.009 

1 PERCEb 

IT HCl AND WETTING AGENT B 



JonAthfin 

0. 140 

0 033 

*0.029 

0.024 

0.013 

10.017 

.013 

.016 

.006 

Do • 

.008 

.033 

.086 

.025 

.013 

Grimes Golden .. . 

.083 

.026 

.a30 

.030 

.011 

.011 

.021 

SmnlrAhniiSA . 

.064 

.014 

.016 

.028 

Hubbardston 

.084 

.042 

.043 

.038 

.026 


2 PERCENT nCl AND WETTING AGENT A 


Jonathan 

Do 

Grimes Golden..- 

Do 

York Imperial 

Stayman Winesap. 


0.140 

0.026 

.088 

.023 

.084 

.020 

.073 

.020 

.122 

.030 

.038 

.008 


0.032 

0.024 

0.006 

.022 

.043 

.008 

.026 

.038 

.007 

.017 

.025 

.007 

.022 

.048 

.009 

.008 

.013 

.003 


0.018 

.009 

.011 

.011 

.013 

.004 


2 PERCENT HCl AND WETTING AGENT B 



0 088 ! 

0.023 1 

0.024 

.024 

.024 

.031 

.009 

0.043 

0.008 

0.011 

.010 

.018 

.020 

.006 


.084 1 

.024 I 

. 032 


Do 

.073 

.020 ’ 

. 026 

008 

York Imperial- 

.124 

.037 

.008 

. 038 
.013 

.003 

Stayman Winesap - 

. 038 





> Wetting agent need with l peroent NaCI according to manufecturer’s recommendations. 
* Double manufacturer’s recommendations. 


A tether .tudy ■>< *« 

washer. These results are shown in table b. us^ ^ ^ 

experiment received six cover sprays each containing 3 
arl^ate, 5 pounds of flotation sulphur, ^d 1 

100 gallons of spray. There was no sigmficant mcrease m removal of 
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the residue when the wetting ^ents were used in addition to the acid 
at room temperature, and a slight but consistent apparent increase in 
the percentage removal when wetting agent A was used with acid 
solution at 100° F. 


Table 6. — Effect of commercial wetting agents on the efficiency^ of lead and arsenic 
spray-residue removal from York Imperial and Stay man Winesap apples^ when 
hand-dipped in 1 percent hydrochloric acid wash solution at different temperatures 


Washing treatment » 

Grain of residue per pound of fruit for— 

York Imperial 

StayiTian winesap 



Arsenic 


Arsenic 


Lead 

trioiide 

Lead 

trioxide 

Original load — 

0.0»5 

0.03K 

0.07C 

0. 025 

1 percent HCl, 1 minute at 60® F 

.024 

.010 

.014 

.005 

Plus wetting agent A 

018 

.007 

.015 

.006 

Plus wetting agent B 

.024 

.012 

.012 

.005 

1 percent UCl, 2 minutes at 60® F 

.015 

.009 

.012 

.004 

Plus wetting agent A 

.013 

.004 

.009 

.003 

Plus wetting agent B 

.011 

.005 

.011 

.004 

Plus wetting agent C- 

.020 

.011 

.012 

.006 

Plus wetting agent U - 

.016 

.007 

.024 

.010 

Plus wetting agent E - 

.015 

.008 

.020 

.007 

Plus wetting agent F - 


.004 

.014 

.004 

1 percent HCl, 1 minute, at 100® F 

.010 

.005 

.008 

. 00:1 

Plus wetting agent A - - 

.006 

.001 

.005 

.001 

Plus wetting agent B 

.008 

.003 

.010 

.007 

Plus wetting agent C — 

.016 

.006 

.012 

.006 


1 Wetting agents C, D, E, and F were exjierimental products of the Rubber Hervitje Laboratories ('o. 


As a means of determining the possible effect of the type of washer 
on the efficiency of the wetting agent, samples of apples were washed 
both in the flotation washer and in the underbrush washer, a 2-percent 
hydrochloric acid solution and wetting agent B being used. These 
results have already been presented in table 2. It is apparent that 
there was no very decided advantage in the use of wetting agents in 
either washer, although the apples sprayed with fish oil (treatment 
3) showed a slightly greater removal of lead when the wetting agent 
was used than when the acid alone was used. From all three spray 
residues the removal of arsenic was apparently slightly aided in some 
cases by the presence of the wetting agent. 

On the whole, under the conditions of these tests, the use of wetting 
agents did not assure an increase in the amount of spray residues 
removed. However, some of the data showed that additional psenic 
was removed when wetting agents were employed, thus indicating 
that in certain cases their use may be justified. The exact conditions 
under which wetting agents may oe expected to yield benefits, 
however, were not revealed in this study. 

EFFECT OP RAISING THE TEMPERATURE OP WASHING SOLUTION 

The use of heated solutions in the washi^ of apples has been rec- 
ommended by several investigators. Particularly when the residue 
present on the fruit is extremely large, the use of a warm washing 
solution theoretically should be one of the most economically effec- 
tive methods of removal. Studies were made comparing the efficiency 
of hydrochloric acid wash at approximately 60® and 100® F. The 
complete data have been given m table 1. The percentages remain- 
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ing, given in table 7 , indicate the average amount of residue remaining 
on the three samples of each variety studied. 

Table 7. — Comparative efficiency of lead and arsenic spray-residue removal from 
York Imperial and Stay man Winesap apples hy U and ^-percent hydrochloric acid 
wash solutions y used in flotation and underbrush washers at 60° and 100° F. 


Average residue remaining on fruit after washing with— 


Type of washer and variety 
of apple 

1 percjent HCl 
at 60® F. 1 

1 percent HCl 
at 100* F. 

2 percent HCl 
at 60° F. 

2 percent HCl 
at 100° F. 


liead 

Arsenic 

trioxide 

Lead 

Arsenic 

trioxide 

Lead 

Arsenic 

trioxide 

Lead 

Arsenic 

trioxide 

Flotation: 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

York Imperial 

36 

35 

33 

25 

33 

23 

29 

20 

Stayman Winesap 

Underbrush: 

28 

26 

22 

23 

23 

20 

21 

19 

York Imperial 

33 

26 

20 

18 

29 

20 

29 

16 

Stayman Winesap 

23 

31 

17 

28 

23 

19 

22 

16 


These figures show that under the conditions of this experiment tiie 
acid solutions when heated to 100° F. were definitely more effective 
in removing both arsenic and lead than were the corresponding acW 
solutions at 60°. The effectiveness of the 1 -percent hydrochloric acid 
solution at 100° was equal to that of the 2-percent hydrochloric acid 
solution at 60°. The difference in ease of removal from York Impe- 
rial and Stayman Winesap, which will be discussed later, is brought 
out in this table. 

The data on the Avashings in the brush machine shown in table 7 
are not as consistent as might be desired. This is in part explained 
by the fact that with the facilities available it was not possible to 
maintain a constant temperature in the underbrush washer because 
of the violent agitation and the consequent rapid loss of heat. In the 
flotation washer the temperature was constant. 

EFFECT OF SPRAY MATERIALS APPLIED 

Tlie ease of removal of any given spray deposit from the surface of 
an apple is undoubtedly affected greatly by the factors which determine 
the nature of this deposit. These may be complicated by a great 
number of variable conditions, viz., temperature, humidity, wind 
velocity — ^inasmuch as it affects speed of diying — rainfall, the chemi- 
cal composition of the spray mixture applied, and the nature of the 
apple surface. 

it was impossible, in this study, to determine the effects of all these 
factors, but some attention was given to the effect that the gross com- 
position of the spray mixture may have upon the ease of removal. 
The data in tables 1 and 2 show the relative ease of removal of three 
basic spray mixtures on two varieties of apples. 

The figures in table 1 have been summarized in table 8 for the three 
spray treatments. The percentages in the table are true averages of 
the four washing treatments given to fruit of each variety receivmg 
the three different spray mixtures. 
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Table 8. — Effect of the grose composition of the original spray used on the efficiency 
of arsenic and lead spray-residue removal from York Imperial and Stayman 
Winesap apples with hydrochloric acid wash solution used in flotation and under- 
brush washers 


Original residue remaining on fruit after washing 


Variety and sample no. 

Lead 

Arsenic trioxide 

Flotation 

machine 

Under- 

brush 

machine 

Average 

Flotation 

machine 

Under- 

brush 

machine 

Average 

York Imperial, 1 

York Imperial, 2 

York Imperial, 3 

Stayman Winesap, 1 

Stayman Winesap 2 

Stayman Winesap, 3 

Percent 

39 

20 

37 

33 

21 

22 

Percent 

31 

21 

31 

24 

20 

19 

Percent 
35 
24 
33 
20 
20 1 
20 

Percent 

20 

22 

31 
20 1 
16 j 

32 ! 
1 

Percent 

20 

16 

25 

20 

10 

31 

Percent 

24 

10 

28 

20 

18 

31 


These data indicate that lead and arsenic behave differently under 
washing treatment. Both York Imperial and Stayman Winesap fruit 
sprayed with lead arsenate and lime-sulphur without sticker retained 
the least lead residue at harvest, while the inclusion of fish oil — with 
flotation sulphur rather than lime-sulphur — built up the greatest 
deposits (table 1). 

Table 8 shows that the lead residue from treatment 2 which con- 
tained skim-milk powder, offered the least difficulty in cleaning. In 
treatment 1 (no sticker) and treatment 3 (fish oil) more of the lead 
was retained after washing. In treatment 3 lead was more completelv 
removed than in treatment 1 on Stayman Winesap, but not on York 
Imperial. 

Table 9. — Effect of gross composition and method of application of the original 
spray used on the ease of lead and arsenic spray-residue removal from Grimes 
Golden apples with 1 -percent hydrochloric add wash solution used in flotation 
washers 


Spray treatment (0 sprays applied) i 


Number of 
samples 
washed 


Average 

residue remaining on 
fruit after washing 


Lead 


Arsenic 

trioxide 


Lead arsenate, 3 pounds, lime-sulphur, 2 gallons ^ 

Lead arsenate, 3 pounds;^ hydrated lime, 0.5 pounds, lime-sulphur, 

2 gallons 

Lead arsenate, 3 pounds; dotation sulphur, 5 pounds; dsh oil, 1 

quart 

Lead arsenate, 3 pounds; skim-milk powder, 2 pounds; lethane 410, 

8.6 fluid ounces;^ lime-sulphur, 2 gallons 

Lead arsenate, 3 pounds; skim-milk powder, 2 pounds; Black Leaf 

40, 1 pint;* lime-sulphur, 2 gallons; hydrated lime, 0.6 pounds * 

Lead arsenate, 3 pounds; lime-sulphur, 2 gallons; pine-tar soap, 1 pint 



Percent 

Percent 

2 

30 

23 

2 

30 

41 

3 

37 

0 

4 

37 

41 

6 

32 

38 

1 

38 

33 


1 All quantities given are per 100 gallons of spray. > In 2 sprays only, at oviposltlon peaks. 

* Containing casein. * In last cover spray only. 

With, respect to residues of arsenic, table 1 shows that treatment 1 
built up the least, and treatment 2, containing skun- milk powder, the 
greatest deposits at harvest. As in the case of lead removal (table 
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8), treatment 2 cleaned most readUy. Treatment 3, however, appar- 
ently formed an arsenic deposit considerably more difficult to remove 
than treatment 1, this being more pronounced on Stayman Winesap 
than on York Imperial. 

Further study was made on Grimes Golden apples which had 
received six different spray treatments. These samples were washed 
in the flotation washer with l-percent hydrochloric acid solution. 
The results are shown in table 9. Among the spray mixtures con- 
taining added stickers or spreaders there were apparently no signifi- 
cant differences in the ease of removal; all showed higher percentages 
of lead and arsenic not removed by the washii^ treatment than was 
the case with the mixture of lime-sulphur and lead arsenate. 

It should be mentioned again that the amount of the original load 
on the fruit undoubtedly affects the efficiency of removal; higher loads 
being removed to a proportionately greater extent than lower loads. 
In the case of the data in table 9, this circumstance makes the state- 
ment in the last paragraph more s^nificant, since in all cases the load 
on the fruit sprayed with lead arsenate and lune-sulphur mixture was 
lower than when modifiers were 'added. 

Tables 8 and 9 suggest that the different added materials had a 
preferential effect in the ease of removal of arsenic and lead from the 
three apple varieties represented. For instance, more arsenic than 
lead was removed from fruit of all three varieites sprayed with the 
mixture containing no added sticker. This was also true for the 
mixture containing fish oil on Grimes Golden and York Imperial, but 
not on Stayman Winesap. Lead and arsenic were removed with almost 
equal facility from the mixture containing skim-milk powder on 
York Impenal and Stayman Winesap, whereas on Grimes Golden 
the arsenic was retained to a slightly greater extent. 

EFFECT OF SPRAYING SCHEDULE 

The number of applications and date of the last application in rela- 
tion to date of harvest have a direct bearing on residue levels and con- 
sequently on the washing treatment necessary to bring these residues 
below the tolerance. It was impossible to give separate attention to 
this phase of the problem. However, it will be noted that the original 
loads reported in tables 5 and 6 were in many cases very high and 
were not in all cases reduced below tolerance by the washing treat- 
ments applied. The fruit sampled came from various orchards 
heavily infested with codling moth. The Smokehouse and Grimes 
Golden received 6 cover sprays ending in mid-July, while most of the 
other varieties were sprayed 7 to 9 times between the petal-fall appli- 
cation and mid-August. The York Imperial and Stayman Winesap m 
tables 1 and 2 received 6 applications ending in mid-July . _Here_ arsemc 
removal was satisfactory with cold 1-percent hydrochloric acid, even 
where fish oil was used in the spray mixture. Lead removal, except 
where fish oil was used, appeared to be equally satisfactory in most 
cases, though 1 sample of York Imperial failed to react to 2-percent 
hydrochloric acid at 60° F. and 2 samples of Stayman Winesap to 
1-percent hydrochloric acid at 100°. 
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EFFECT OP VAHIETY OF APPLES 

In the reported work on the eflFect of varietal differences on the 
efficiency of spr^-residue removal, the information is neither definite 
nor complete. Overley, St. John, Overholser, and Groves (6) state 
that the Winesaps cleaned more readily than did Esopus Spitzenburg, 
Delicious, and Y ellow Newtown. Since the Stayman Winesap apples 
retained more spray residue at harvest than some other varieties when 
subjected to the same spray treatment, it was considered likely that 
this variety might offer more difficulty in cleaning. This proved not 
to be the case, as shown by the results given in table 10. 


Table 10. — Effect of variety of apples on the ease of lead and arsenic spray-residue 
removal from the fruit with 1- and 2-percent hydrochloric acid wash solutions 


Percentage of acid and 
variety of apple 

Num- 
ber of 
sam- 

Average of orig- 
inal remaining 
on fruit after 
washing 


pies 

Lead 

Arsenic 

trioxide 

1-p e r c e n t hydrochloric 
acid: 


Percfnt 

Percent 

Grimes Golden 

20 

34 

32 

York Imperial 

10 

36 

40 

Stayman Winesap... 

17 

27 

38 

Jonathan.. 

0 

30 

39 

Rome Beauty 

4 

32 

42 

Smokehouse 

3 

28 

32 

Ben Davis 

1 

30 

32 

Delicious 

1 

38 

57 

Yellow Newtown 

1 

63 

70 

Stark 

J 

42 

33 

Hubbardston 

1 

50 

65 


Percentage of acid and 
variety of apple 

Num- 
ber of 
sam- 
ples 

Average of orig- 
inal residue re- 
maining on fruit 
after washing 


Lead 

Arsenic 

trioxide 

2-i)erc e n t hydrochloric 
acid: 


Percent 

Percent 

Grimes Golden 

6 

30 

10 

York Imperial 

5 

34 

35 

Jonathan 

4 

28 

27 

Delicious.-- 

1 

23 

36 

Stayman Winesap... 

1 

21 

23 


The factor of differential spray treatments is not considered in 
table 10, although it probably has considerable bearing on the removal 
of the residues by washing. In general, however, the type of appli- 
cation in these samples has been the same, lead arsenate 3 pounds to 
100 gallons plus skim-milk spreader. The number of applications 
varied, however, from 3 to 8. No particular significance may be 
attached to those figures representing a single sample, but they are 
included in this table to indicate possible relationships wliich may 
exist between variety and ease of removal. 

Table 10 shows that among those varieties of which sufficient 
numbers were examined to make interpretation possible. Smokehouse 
and Stayman Winesap cleaned most readily; Grimes Golden, Rome 
Beauty, and Jonathan came next while York Imperial offered con- 
siderably more difficulty. 

Among the varieties represented by a single sample, Ben Davis 
appeared, to be easy to clean. Stark offered moderate difficulty, and 
Yellow Newtown and Hubbardston were the two hardest to clean. 
Hubbardston in particular seemed to be, from other experiments, the 
most difficult to clean of all varieties tested. 

SUMMARY AND CONCLUSIONS 

This studv attempted to determine the effects of various factors on 
the removal of arsenic and lead from apples under Pennsylvania 
conditions. 
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The removal of arsenic and lead were proportional to the concentra- 
tion of hydrochloric acid, but a higher concentration of acid removed 
proportionately greater amounts of arsenic than lead. The concentra- 
tion removing both of these elements in proportional quantities was 
approximately 2 percent by weight. 

Wetting agents were of little value in increasing the efficiency of 
hydrochloric acid solutions in a flotation washer at room temperature, 
but a slight increase in the removal of arsenic resulted from their use 
in an underbrush machine. Tins increased efficiency was too amtih 
to be of any great importance, except possibly where fish oil was used 
>n the spray mixture. 

The variety of the apples washed was an important factor in the 
ease of residue removal by acid solutions. Listed in the order of in- 
creasing difficulty in residue removal, the varieties studied may be 
arranged tentatively as follows: Smokehouse, Stayman Winesap, Ben 
Davis, Grimes Golden, Rome Beauty, Jonathan, Stark, York Imperial, 
Delicious, while the few data avialable indicate that Yellow Newtown 
and Hubbardston are two varieties most difficult to clean. 

The underbrush washer was slightly more effective in removing 
both arsenic and lead residues than the flotation washer, even though 
the time required for cleaning was less in the former. 

Raising the temperature of the acid bath from 60° to 100° F. in- 
creased the efficiency, a 1-percent hydrocldoric acid solution at 100° 
bein^ approximate as effective as a 2-percent hydrochloric acid 
solution at 60°. Tlie addition of salt, as recommended by several 
workers, did not increase the efficiency of acid solutions. Mixed hy- 
drocldoric acid and nitric acid solutions, sodium carbonate, and soap 
and sodium silicate were not so effective in lowering the residue on 
the fruit as dilute hydrochloric acid solutions. 

Apparently the type of spray mixture applied had an effect on the 
ease of removal of arsenic and lead; this effect was not the same for 
both elements and was complicated by varietal differences. Fruit 
sprayed with mixtures containing a skim-milk spreader cleaned slightly 
more readily than did those sprayed with other combinations. The 
addition of fish oil to the spray mixture caused a deposit of residue 
more difficult to remove, but not so difficult as has been sxiggested in 
the literature. 



74 


Journal of Agrietdtural Research voi. 5i, no. i, July i, iwd 


LITERATURE CITED 

(1) Association op Official Agricultural Chemists. 

1930. official AND tentative METHODS OP analysis . . . Ed. 3,593 pp.) 

illus. Washington, D. C. 

(2) Diehl, H. C., Lutz, J. M., and Ryall, A. L. 

1931. REMOVING SPRAY RESIDUES FROM APPLES AND PEARS. U. S. Dept. 

Agr. Farmers* Bull. 1687, 32 pp., illus. 

(3) Freak, D. E. H., and Haley, D. E. 

1934. A SIMPLIHED METHOD FOR THE RAPID DETERMINATION OF LEAD RESI- 
DUES ON APPLES. Pa. Agr. Expt. Sta. Bull. 304, 8 pp., illus. 

(4) McLean, H. C., and Weber, A. L. 

1931. MODERN METHODS OF REMOVING SPRAT RESIDUES FROM APPLES AND 
pears. N. J. Agr. Col. Ext. Bull. 87, 24 pp., illus. 

(5) and Weber, A. L. 

1931. USB OP WETTING OR DEGUMMING AGENTS IN THE REMOVAL OP SPRAT 
RESIDUES FROM APPLES Jour. Econ. Eiit. 24: 1255-1261, illus. 

(6) Overley, F. L., St. John, J. L., Overholser, E. L., and Groves, K. 

1933. LEAD AND ARSENIC SPRAY RESIDUE REMOVAL PROM APPLES. Wash. 
Aar. Expt. Sta. Tech. Bull. 286, 83 pp., illus. 

(7) Pettby, F. W., Skibbb, A., and de Villiers, F. 

1928. INVESTIGATIONS IN CODLING CONTROL AND REMOVAL OF SPRAY 
residues FROM PEARS. Uiiioii So. AWca Dept. Agr. Sci. Bull. 64, 
36 pp., illus. 



THE EFFECT OF NUTRITIVE STATE 
OF VITAMIN A PRESENT IN THE 
BLUMEI ‘ 


ON THE QUANTITY 
LEAVES OF COLEUS 


By E. S. HabsRi ustisUint professor of horlicvfAure &nd research assistunt in vege- 
table crops, and Pearl P. Swanson, associate professor and research assoeiaU 
tn foods and nutrition^ Iowa AgricuUural Experiment Station 


INTRODUCTION 


Green leaves are known to be relatively rich in vitamin A and in 
its precursor, carotene. The factors involved in the synthesis of the 
vitamin have been studied from several angles. However, the 
writers have seen no data which show to what degree, if any, the 
nutritional state of the plant is reflected in the vitamin content of 
the leaf. The present investigation is concerned with this question. 

The problem involves the production of distinct variations in the 
nutrition of the plant such as are manifested by differences in activity 
of growth, luxuriance of foliage, and depth of pigmentation. In 
order to obtain the necessary leaves for assay, two mstinct methods 
of growing the experimental plants suggested themselves. Healthy 
and stunted plants can, of course, be grown very easily by planting 
cuttings in nch compost soil and in sand, respectively. The possi- 
bility of inducing two distinct planes of nutrition simultaneously in a 
single plant by subjecting its parts after division to different nutri- 
tive media was considered. With this method of control, the relative 
quantity of vitamin A in leaves obtained from branches of the same 
stock, the same age, but of different development could be deter- 
mined. Such an experimental procedure, however, called for the 
assurance that no cross transfer of food nutrients occurs from one 
side of the plant to the other. Certain experiments described by 
Auchter (/) ^ point to the possibility of producing differentiated 
growth in a single plant. His data show that the foods manufac- 
tured on one side of a plant are used and stored in that portion of 
the plant or are translocated to the roots directly beneath. Magness 
(5) similarly postulates no cross transfer of food nutrients in woody 
plants like the apple, for he found that trees which were half defoli- 
ated formed very few fruit buds on the defoliated sides, whereas 
there was a normal development of fruit buds on the undefoliated 
parts. 

On the basis of these reports, it seenjed that the vitamin assay of 
leaves taken from laterals of a plant divided into two parts and so 
planted that each side received its nutrients from different media 
offered a unique means for enlarging the study of the problem of the 
relation of the nutritional state to the quantity of vitamin A synthe- 
sized in certain organs of the plant. The present investigation was 
therefore undertaken to demonstrate the relation of the nutritional 
state to the concentration of vitamin A in the leaves. The leaves 
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were taken from undivided cuttings grown in soil, from those grown 
in sand, and from the two laterals oi a plant whose stem and root 
system had been split so as to allow the planting of each side in 
soil and in sand, respectively. 

EXPERIMENTAL PROCEDURE 

PREPARATION OP PLANT MATERIAL 

Many of our food plants have only one growing point, or the later- 
als arise from the axils of leaves alternately or in whorls, a system of 
development that makes impossible the objective of securing two 
branches of the same age. For the present study, therefore, a plant 
having an opposite leaf system with laterals developing simultane- 
ously from the axil of opposite leaves was desired, whose growth 
could be effectively confined to two opposite laterals arising from the 
same node by the pinching back of all axillary branches that might 
appear. No food plant on hand met the necessary requirements. 
Omens blumeiy variety Golden Bedder, on account of its structure 
and habit of growth, was therefore chosen. 

Three series of plants were prepared for the production of leaves 
for the assay. The plants composing each series were propagated by 
rooting stem cuttings in sand. After a sufficient root system had 
formed, each was potted in a small pot containing rich compost soil. 
After the plants were well rooted and growing, the main stem was 
pinched back to a strong node in order to secure braiudiing at that 
point. Wlien the root svstem was well developed, but before the 
plants became pot-bound, they were removed from the containers. 
All soil and organic matter were washed from the roots with a gentle 
stream of water. The plants composing series A were planted in 
clay pots 4 inches in diameter which contained rich compost soil ; 
those in series B were grown in river-washed sand, known to be quite 
free from inorganic matter, while those in series C were plants which 
had developed two strong-growing laterals in the axils of opposite 
leaves at the same node. The stem of each plant in series C was 
split longitudinally in the middle for a distance of 1 to 1 Yz inches from 
the base of the stem toward the top. A few small roots were destroyed 
bv this procedure. One part of the root system of the plant was then 
planted in the same mixture of soil that was used in series A, the other 
half in the sand. For this planting, two tin cans, size 3, that had 
been fastened together by means of a wire were employed. Small 
holes were punched in each can to allow drainage. The cans were 
nailed to a board in order to make the containers more rigid. The 
arrangement is shown in figure 1, A, 

The plants of each series were then grown in the greenhouse until 
specific effects of the three treatments on the developing plants were 
evident. Four to six weeks were required. At the end of this time, 
considerable differential growth has occurred between the two oppo- 
site branches and the two root systems of the divided plants (fig. 1, -B). 
The lateral on the same side of the plant as the root system which had 
been planted in sand remained small and stunted. The leaves were 
small and undersized but nearly normally pigmented. The lateral on 
the same side of the plant as the root system which had been planted 
m rich soil grew luxuriantly. It was 3 or 4 times as large as the oppo- 
site branch and carried many more well-developed leaves. The di^r- 
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entiated growth showed that mineral and nitrogenous nutrients which 
were absorbed on the soil side of the plant were utilized and elabo- 
rated to a large extent on that side only. Apparently, the half of 
the plant growing in sand did not receive a sufficient quantity of 
nutrients from this medium to support normal growth. 

THE ASSAY OP VITAMIN IN COLEUS LEAVES 

Leaves of coleus taken from the three series of plants were offered 
to four different lots of rats as the sole source of vitamin A in a diet 
that had been rendered free of that factor. One lot, which will be 



Figure l.—A, Coleus planted with the root system divided so that one portion grew in sand and the other 
in rich soil, whereby differential growth was produced in two laterals of the same age; B, divided coleus 
plant removed from containers, lowing extent of root system in sand and soil media after 3 months of 
growth. 

referred to later as group A, was fed on leaves obtained from imdi- 
vided plants grown in rich soil. The second lot (group B) was given 
the leaves taken from similar plants grown in sand, the third lot feroup 
C) on leaves from the lateral of the divided plant grown in soil, and 
the fourth lot feroup D) on leaves from the lateral grown in sand. 

A modification of Sherman and Munsell’s methoii fe) was used for 
the determination of the relative quantity of vitamin A in the four 
types of coleus leaves. The details of the method were carefully 
standardized in the nutrition laboratory in regard to the specific re- 
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action of the colony to the rations fed, respectively, to the stock rats 
and to the expermental animals. ^ 

The rats used in the study oi%inated from the stock colony belong- 
ing to the nutrition laboratory of the foods and nutrition subsection. 
The colony was composed of Wistar rats inbred by brother and 
sister . mating for 60 generations. The animals weighed approxi- 
mately 47 g and were 28 days old when placed upon the experimental 
ration. The a ni mals were caged individually and were fed the 
following vitamin-A-free diet ad libitum: casern (free from vitamin 
A), 18 percent; starch, 56 percent; Osborne and Mendel salt mixture, 
4 percent; and Crisco, 22 percent. Five-tenths of a gram of yeast, 
one-fifth of which had been irradiated, was fed separately to each 
rat every day. Upon this dietary regime the animms were depleted 
of their boduy stores of vitamin A in approximately 21 days. Sta- 
tionary weight for a period of 5 days, accompanied by incipient 
xerophthalmia, was used as the index of depletion. At the end of 
the depletion period, the average weight of the animals was 98.5 g. 
The rats were divided into four groups wth litter mates, males, and 
females distributed as uniformly as possible in each group. Coleus 
leaves obtained from plants grown as described above were then 
offered to the members of each group as the only source of vitamin 
A in their food. 

Preliminary trials indicated that 20 mg of coleus leaf grown in 
sand, when fed daily, furnished approximately 1 unit of vitamin 
A as defined by Sherman and Munsefl (6), The four kinds of coleus 
leaves were therefore offered at this level. In sampling, each leaf 
was cut in segments and numbered according to the position of the 
segment in the leaf. On the first day, the fost member of a group 
received segment 1 ; on the second day, segment 2, and so on. With 
this arrangement, as the experiment progressed, all rats received 
representative samples from all parts of the leaf, thus error due to 
unequal distribution of the vitamin in the leaf was avoided. The 
segments were carefully weighed on a torsion balance. A double 
portion was offered on Saturday. Special care was taken to insure 
the consumption of the daily dose of the coleus leaves offered. The 
vitamin fee^g was continued for 8 weeks. 

RESULTS 

Data are presented in table 1 which show that rats receiving, as 
the sole source oL^amin A in the diet, a daily dose of coleus leaf 
taken from undi^^ed plants grown entirely in sand gained less during 
the experimental period than did any other group. Of particular 
interest is the fact that the average rate of growth of this lot of 
rats was approximately one-half that of the group given similar- 
appearing coleus leaf removed from the stunted lateral nourished by 
the inadequate supply of nutrients present in sand. There were 
slight differences in the average total gains in body weight made 
by the three groups of rats fed coleus leaf taken, respectively, from 
the undivided plant grown in soil, the divided plant grown in sand, 
and the divided plant grown in soil. Upon analysis, these dif- 
ferences were not found to be statistically significant as the data 
recorded in table 2 indicate. 
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Tablb 1. — Mean weights at end of depletion period and mean gains in 8 weeks 
of the 4 groups of rats fed vitamin- Afree diets supplemented by 20 mg of coleus 
leaf taken from plants treated in 3 different ways 



Treatment of plant 

Rats 

Weight at 
end of 

Mm- 

welght 

j^in 

S weeks 

Group 

Started 

Survived 

depletion 

period 

A 

Grown In soil 

Number 

20 

Number 

17 

Grams 

04 

Grams 

45.82 

B 

Grown in sand 

13 

8 

98 

22.13 

C 

One-half grown in soil 

21 

18 

99 

40.22 

D 

One-halt grown in sand 

23 

20 

103 

42.90 


Table 2. — Values of t between mean total gains for each series f secured by analysis 

of variance 


Groups of rats claissifled according to kind of coleus fed 

B, all sand 

C. .soil half 
ot divided 
plants j 

D, sand half 
of divided 
plants 

A, all soil - 

13 015 

0.651 

0.527 

B, ^1 sand 

*3.357 

*2.448 

C, soil half of divided plants 


1. 122 





> Signlflcant. 

> Highly significant. 


Estimates of experimental error were obtained by analyzing the 
variance in the manner devised by Fisher (S). Tests of significance 
for the values of t were made by means of the table of values of r, 22, 
and t adapted by Wallace and Snedecor (7) from Fisher^s tables. 
Similar statistical treatment showed that the differences in the mean 
body weights of the four groups of experimental animals at the end 
of the depletion period (table 1) were not significant. For instance, 
in testing for the significance of the differences noted in mean weights 
of the groups at this time, a value for t of 0.7377 was obtained when 
groups A and B were compared, and of 1.102 when the mean weights 
of the rats in groups C and D were similarly analyzed. Inasmuch 
as these values do not indicate significant differences, the .greater 
increments in growth made by groups A, C, and D in comparison 
with that made by group B cannot be attributed to any cause except 
to variation in the vitamin content of the leaves fed to the four 
groups of animals. 

DISCUSSION 

These results lead to very interesting speculation. Unmistakably, 
the leaves of a stunted underdeveloped plant grown in a medium 
extremely poor in the essential nutrients contain less vitamin A than 
do the leaves of similar plants grown in a highly favorable nutritive 
medium. Evidently some factor necessary for the synthesis of 
vitamin A is lacking in the nutrients provided by the sand. That the 
lack of certain plant nutrients may definitely retard the synthesis of 
vitamin A has been noted by Dutcher (S, p* 123) in impublished data. 
He found that spinach made chlorotic by growmg in soil containing 
insufficient manganese manufactured less vitamin A than did spinach 
grown with adequate amounts of the element. 
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On the other hand, a plant, one-half of which is stunted, produces 
small leaves on the inactively growing side that, weight for weight, 
are relatively as rich in vitamin A as are the lai^ leaves from the 
well-nourished half of the plant. The difference in the nutritive 
state of the two sides of the plant seems to indicate that there is no 
cross transfer of food materials from one side of the plant to the other 
in CoUus blumei. Apparently, then, the common plant nutrients such 
as nitrogen, phosphorus, potash, calcium, etc., may not be concerned 
in the synthesis of the vitamin or the vitamin may have been synthe- 
sized and transferred. Auchter (f) has shown that water passes from 
one side of a plant to the other; but water cannot be the determining 
factor in producing a like vitamin content of the leaves, for the divided 
and undivided parts were both liberally supplied with water. How- 
ever, in its passage through the plant, water may have carried from 
the well-nourished part of the coleus some soluble inorganic or organic 
material concerned with the manufacture of vitamin A, but not with 
growth. Or perhaps the vitamin itself or its precursor, carotene, 
elaborated in the adequately nourished side of the plant was trans- 

? orted to the poorly nourished half. The recent demonstration by 
on Euler and Klussmann (S) that carotene and other carotenoid 
pigments pass into aqueous solutions of the bile salts suggests the 
possibility of a transfer of this nature. The hypothesis of a transloca- 
tion of vitamin A, however, is not substantiated by certain state- 
ments of Hauge and Trost (4), if the findings obtained with ears of 
com as the test material awly to the present situation. These 
workers crossed Reid Yellow Dent and Johnson Coimty White Dent 
corn and were unable to detect any measurable transfer of vitamin A 
to white endosperm grains selected from F 2 segregating oars. They 
found that vitamin A was always associated with the yellow endo- 
sperm and that white grains when grown on the same ears with the 
yellow grain did not contain vitamin A. 

No reasonable explanation, therefore, can be offered at present for 
the phenomena described. The most significant point of the experi- 
ment lies in the results obtained; i. e., an undivided plant grown in 
sand does not have the ability to synthesize normal quantities of 
vitamin A in its leaves whereas a plant, divided and growing one-half 
in soil and one-half in sand, is able to produce normal quantities of 
vitamin A in the leaves of the stunted lateral. 

SUMMARY AND CONCLUSIONS 

Vitamin A was not synthesized in as large quantities in a poorlv 
nourished stunted coleus plant as it was in an actively growing, well- 
nourished one. However, when differentiated growth was induced 
in two sides of a single plant, the leaves of the underdeveloped lateral 
contained relatively as much vitamin as did those on the luxuriantly 
growing branch. 

These finc^gs suggest either a specific but unidentified nutrient 
factor essential for the synthesis of vitamin A or a cross transfer with- 
in the pla.nt of potential vitamin A materials in a manner that is not 
characteristic of the food factors essential for the growth of the plant. 
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THE PHOSPHORUS REQUIREMENTS OF DAIRY 

HEIFERS' 

By J. G. Abchibald, eusielant research professor of chemistry, and E. Bbnnbtt, 
research assistant, Massachusetts AgricuUurcA Experiment Station * 

INTRODUCTION 

An earlier paper ® in this journal dealt with the calcium require- 
ments of Rowing daily heifers. Since that report was published an 
investigation of phosphorus requirements has been conducted along 
the same general lines. 

EXPERIMENTAL ANIMALS 

One pure-bred and seven Ugh-grade Holstein-Friesian heifers were 
used. They were divided into two groups designated as the high- 
phosphorus and low-phosphorus groups. Table 1 shows their history. 
Unfortunately, two of them (both in the same group) had to be dis- 
posed of when their experimental period was about half completed. 


Table 1.- History of the heifers in the phosphorus-requirement tests 


Group 

Heifer 

no. 

Born 

Age at 
commence- 
ment of 
experiment 

First calf 
delivered 

Age at 
first 
calving 




Daps 


Daps 


162 

Aug. 29, 1929 

181 

Nov 28,1931 

821 

High-phosphorus ration 

175 1 

Jan. 10,1930 

114 

June 26, 1932 

898 


190 

Apr. 12, 1931 

159 : 

Sept. 18, 1933 

890 


192 

Apr. 10, 1931 

161 

Aug. 1933 

872 

Average 



154 


870 








f > 163 

Aug. 31,1929 

179 

No calf 


Low-phosphorus ration 

J »168 

Dec. 16,1929 

128 

---.do 




1 191 

Apr. 12,1931 

159 

Aug. 11,1933 

i 852 


1 193 

Apr. 1, 1931 

170 

Aug. 19,1933 

871 

Average 



> 165 


862 








I Reacted to the tuberculin test, Feb. 9, 1931; slaughtered Feb. 16, 1931. 
> Average ago of the two that calved. 


NATURE OF THE RATIONS 

The basal ration was composed of: 

Mixed hay (low in phosphorus). 

Dried beet pulp. 

1 8 parts com meal. 

Grain mixtures 1 part corn gluten meal. 

[l part blood flour. 

This combination resulted in a ration quite low in phosphorus. 
For the high-phosphorus group it was supplemented with requisite 

1 Received for publication Mar. 4, 1935; issued August 1935. Contribution no. 188 of the Massachusetts 
Agricultural Experiment Station. , 

* The advice and suggestions of Dr. J. B. Lindsey, former head of the Department of Chemistry at this 
station, are acknowledged and appreciated. 

» Lindsey, J. B., Archibald, j, O., and Nelson, P. R. the caclium requirements of dairy heifers. 
Jour. Agr. Research 42: 883-^, 1931. 
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amounts of rice bran, a product relatively high in phosphorus. The 
additional amounts of other nutrients furmshed by the rice bran 
were offset for the low group by slightly larger amoimts of the basal 
ration. 

The proportions of the several ingredients fed to the two groups 
at varying ages are shown in table 2. The slightly larger average 
daily feed intake by the high-phosphorus group is due to the fact that 
these animals, as a group, were slightly heavier from start to finish 
than those in the low-phosphorus group 
The hay fed was designedly as low in phosphorus as could be pur- 
chased locally. It was grown on farms m the vicinity of the experi- 
ment station, was cut late, and came from run-out fields. The beet 
pulp was fed to give the ration greater palatability and also to furnish 
calcium. The grain mixture provided adequate amounts of protein 
and enei^ and was very low in phosphorus. The composition of 
the feeds is shown in table 3. 

Table 2. — Average daily feed corhsumption of heifers hy groups and ages 


Group and age 

Hay 

Beet 

pulp 

Grain 

mixture 

Rice 

bran 

Total 

daily 

intake 

High'phosphorus: i 

Pounds 1 

Pounds 

Pounds 

Pounds 

Pounds 

Calves 

5.63 

0.99 

3.12 

0.99 

10.73 

Yearlings 

9.00 

1.28 

3.50 

1 10 

14.88 

2-year-old8 

11.65 

1.88 

3.88 

1.88 

19. 19 

Low-phosphorus: 

Calves 

5.94 

.99 

3.36 


10.29 

Yearlings 

9.09 

1.35 

3.77 


14.21 

2-year-olds - 

12.72 

1.94 

3.98 


18.64 





* The method of feeding previous to placing the heifers on the experimental rations at about 5 months of 
age was the same for all individuals. 



Table 3. — Minimum^ maximum^ and average composition of feeds used in the experiments 
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g 

e3BJ9Ay 

pa. 

0.185 

.312 

.141 

.757 


1 

mnuiixe]^ 




mnxuioip^ 

pa. 

0.136 

.265 

.118 

.60S 


g 

eSejeAy 



1 

uiniu|XBii\[ 

pa. 

0.169 

.094 

.392 

1.746 



innatfui^ 

Pa. 

0.095 

.071 

.273 

1.519 



e^BjeAy 

Pa. 

0.511 

.724 

.081 

.082 


1 

ea 

mnuiixftj^ 

Pa. 

0.638 

.807 

.131 

.131 

} 


uinmimp^ 

®>»d 

o 

w 

1 

dfleMAy 

1 ft,ci 

i 

i 

umuiiXBi^ 

ft,e4 

S 

X3 

s 

mnui]nij^ 

pa. 

1.84 

09 

.88 

12.69 


1 

C3 

1 

el!BJ9Ay 



uinui|xe|^ 

Pa. 
33 53 
21.06 
2 23 
10.73 


o 

ranui|U(K 

Pa. 

29.85 

16.13 

1.85 

9.42 


.a 

£ 

aSBJ9Ay 

Pa. 

6.44 

10,73 

23.85 

14.19 



lunmprBK 

pa. 

7.32 

12.44 

25.34 

15.05 


2 

u 

mnuiimp^ | 

pa. 

5. 10 
9.56 
22.57 
13. 15 


•s 

98eJ9Ay 

Pa. 
4 98 
3.52 
2.37 
11.76 


3 

o 

innai{xe|^ | 

(0*0 08 cj 



uinuiiuyj^ 

Pcf 

3 93 
2.50 
1. 47 
10.73 


e8eji9Ay 

pa. 

10.10 

9.74 

12.53 

9.13 

J 

mnoipraK 

f. 

10.56 

11.31 

13.27 

9.47 

mnuiTUfpv 

pa. 

9.12 
8.03 
11.83 
8 70 

Feed 

Hay 

Dried beet pulp 

Qrain mixture. 

Rice bran 

s| 

lots 

^um- 

ber 

7 

6 

4 

5 
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The high-phosphorus ration supplied about one and two-thirds 
times as much of that element as did the low-phosphorus ration. 
Other constituents were kept as nearly on a par ^ possible (table 4). 
Intake of digestible protein per unit of body weight was practically 
identical for both groups throughout, but the high-phosphorus group 
received an average amount of total digestible nutrients per unit of 
weight slightly greater than did the low-phosphorus group. This was 
due to a somewhat higher content of fat in the rice bran than was 
anticipated. Analyses on record give the average crude fat content 
of rice bran as about 10 percent; the samples taken during this 
experiment averaged 14.3 percent. 


Ta-BIiB 4 . — Daily intake of total and digestible nutrients by heifers, per 100 pounds 

live weight 


Age 

Group 

Calves 

f H igh-phosphorus. . . . 

\ Low-phosphorus 

r High-phosphorus. . , . 

\Low phosphorus 

1 High-phosphorus 

\Low phosphorus 

Yearlings. 

2- year-olds 


Weighted averages for 
the duration of the 
experiment. 

) High-phsophorus 

1 Low-phosphorus 


s 

1 

a 

‘S 

1 

« 

1 

C3 

1 

II 

P M 

is ^ 



i 

■ ■ 

E 

digest- 

nutrient 

b 

ts 

E 

s 

ca 

•a 

XI 

bfiS. 

ll 

Q 

o 

tj 

z 


u 

CL 

Q 


Lb, 

u. 

Lb, 

Lb, 

Lb, 

Lb, 

Lb, 

Lb, 

Lb. 

2.10 

0.27 

0 43 

1 25 

0 077 

0.0085 

0.0072 

0.17 

1.51 

1.96 

.26 

.39 

1. 18 

.048 

.0082 

0040 

.16 

1.35 

1.67 

.20 

.36 

.97 

.052 

.0067 

.0050 

.12 

1. 14 

1.80 

.21 

.40 

1 07! 

.041 

.0075 

.0034 

.13 

1.22 

1.66 

.18 

.37 

.97 

.055 

.0065 

.0045 

.10 

.91 

1.58 

.17 

.36 

93 

.037 

.0069 

.0026 

.10 

1.05 

1.78 

.22 

1 

.;i8| 

1.04 

.058 

.0071 

.0055 

.13 

1.22 

1.71 

.21 

.37| 

1 

1.021 

.040 

.0072 

.0033 

.13 

1.16 


RESULTS OF METABOLISM BALANCE TRIALS 

Seventy-seven metabolism balance trials were carried out, 42 with 
the high-phosphorus group and 35 with the low-phosphorus group. 
It should be borne in mind that these metabolism-balance periods 
were not continuous, but were conducted at frequent intervals for 
10-day periods throughout the course of the investigation. The 
expenmental and analytical procedure was identicm with that 
described in the earlier publication.® The progress of the work has 
been accelerated somewhat by the addition of two more metabolism 
stalls, thus making it possible to have four heifers on trial at one time. 
Figure 1 shows the general arrangement of the stalls. 

« Lindsst, J. B., Archibald, J. G., and Nilson, P. K. See footnote 3. 

Methods of analysis were as follows: 

For nitrogen the Kjeldahl method described in the following publication: Association of Official 
Agricultural Chemists, official and tentative methods of analysis , . . Compiled by the com- 
mittee on editing methods of analysis. Ed. 3, 593 pp., Ulus. Washington, D.C. 1930. 

For calcium and magnesium the method of McCrudden modified for use with materials of this nature: 
McCrudosn, F. H., the quantitative separation of calcium and magnesium in presence of phos- 
phates and small amounts of iron devised especially for the analysis of foods, urine and feces. 
Jour. Biol. Chem. 7:83-100. 1910. 

For phosphorus the colorimetric method described in the following publication: Fiske, C. H., and 
Subbarow,Y. the colorimetbzc determination of phosphorus. Jour. Biol. Chem. 66: 387-389. 1926. 
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The freauency with which individual heifers were used as members 
of the high-phosphorus and low-phosphorus groups was as follows: 
High-phosphorus group— -heifers 162 and 175 , 16 times; heifer 190 , 
4 times; heifer 192 , 6 times. Low-phosphorus group — ^heifer 163 , 8 
times; heifer 168 , 4 times; heifer 191 , 11 times; Wfer 193 , 12 times. 
The uneven distribution of trials between individuals was due in the 
first place to the loss of nos. 163 and 168 early in their yearling period, 
and to a subsequent effort to even up the number of trials for tne two 



Fioure 1.— Arrangement of metabolism stalls used in the experiments. 


groups by using nos. 191 and 193 considerably more than nos. 190 
and 192 . . . 

The detailed balance records for the individual heifers are given in 
table 5 and the data are summarized in table 6. The values in this 
table were obtained by taking the average of all trials for a given age 
of aU individuals in the group. The probable ereor of these averages 
was determined by means of Bessel’s formula, viz.. 


Table 5. — Detailed balance record for each heifer in the high- and loio-phosphorue metabolism experimentSf 1930-33 
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RETENTION AS RELATED TO INTAKE 

Considering first the results as a whole: The nitrogen, calcium, 
and phosphorus balances were positive in all cases. With the average 
intake of nitrogen per unit of weight practically identical for both 
groups, the h%h-phosphoru8 group retained 1 |)ercent more, indi- 
cating sightly, but not significantly, better utilization of nitrogen 
by that group. 

Retention of calcium per unit of weight was the same for both 
groups, but since the unit intake for the high-phosphorus group was 

6 percent less than for the lowj-phosphorus group, utilization by the 
former was slightly, but not significantly, superior (30.8 percent as 
contrasted with 29 percent). 

Retention of phosphorus per unit of weight was somewhat greater 
in the high-phosphorus group (0.73 g as compared with 0.60 g daily), 
but since the intake by the low-phosphorus group was only 60 per- 
cent that of the high-phosphorus group, the utilization by the low- 
phosphorus group was significantly greater (35.9 percent as con- 
trasted with 26.3 percent). This is m agreement with the earlier 
work on calcium req^uirements,* where it was noted that the lower 
intake was more efficiently utilized. 

Forty-one of the magnesium balances were negative; 15 in the 
high-, 26 in the low-phosphorus group. Although they occurred 
more frequently in the low-phosphorus group, the average negative 
balance was not much larger for that group (—0.146 g daily per 100 
pounds live weight as compared vrith —0.137 g daily for the high- 
phosphorus group). The net result for the groups as a whole was a 
very slight positive balance of magnesium for the high-phosphorus 
group and a slight negative balance of that element for the low- 
phosphorus group. The significance of such a laige number of nega- 
tive balances of an element is not readily apparent. A similar situa- 
tion was noted and commented upon in the earlier pajper on the 
subject.' The departure from normal environment in the conduct 
of metabolism experiments, while it may not interfere to any extent 
with storage of elements which are utilized in relatively laige pro- 
portion to their intake (e. g., nitrogen, calcium, or phosphorus), may 
be sufficient at times to shift to the negative side the equilibrium of 
an element like magnesium, which at best is utilized in relatively 
small proportion. 

EFFECT OF AGE ON INTAKE, RETENTION, AND UTILIZATION 

The average results * for different ages are portrayed graphically 
in figures 2 and 3 in addition to being summarized in table 6. The 
graphs show the relative decrease (or increase) in intake, retention, 
and percentage utilization per unit of wekht with advancing age. 
They were constructed by assuming in each case a value of 100 for 
the first year, values for the second and third years being expressed 
in the appropriate percentage ratio. They show quite clearly — 

(1) That intake per unit of weight in general decreased with ad- 
vancing age, which is normal. The rate of decrease was usually more 

s Linpset, J. B., Archibald, J. 0„ and Nklson, P. R. See footnote 8. 

7 Lindbrt, j. B., Archibald, J. G., and Nelson, P. R. See footnote 8. 

* Beeause of the many negative balances, results for magnesium do not lend tbemselveB to graphic por- 
trayal, and hence are not included. 



July 1, 108A 


The Phoephorus Requirements of Dairy Heifers 


93 



\ 


\ 


\ 


\ 

\ 

li 


« 

\ 

\_ 


\ 

\ 



FIRST SECOND THIRD 
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SECOND THIRD 
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Figure 2.— Rate of decrease or increase in intake {A), retention (R), and . 
nitrogen, calcium, and phosphorus by the higb-phosphurus group of heifers 
age. 


FIRST SECOND THIRD 
YEAR YEAR YEAR 

je utilisation (C) of 
affected by increasing 



Figure 3. — Rate of decrease or inOTease in Intake (A), retention (B), and percentage utilization (C) of 
nitrogen, calcium, and phosphorus by the low-phosphorus group of heifers as affected by increasing 
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rapid from the first year of life to the second than from the second 
to the third. 

(2) That retention, per unit of weight, of all three elements de- 
creased rapidly from the first year of fife to the second, and, in the 
case of calcium, increased slightly from the second to the third year, 
the increase being more marked in the low-phosphorus group, nitro- 
gen and phosphorus retention continued to decrease in both groups 
during the third year. 

(3) That in general percentage utilization (ratio of retention to 
intake), was roughly parallel to actual retention in its rate of decrease 
for both groups and the three elements. 

The pnncipal point of interest here is the upswing in retention and 
utilization of calcium in the third year for both groups, possibly a 
reflection of the demands of pregnancy. 

CALCIUM PHOSPHORUS RATIO 

Respecting ratio of calcium to phosphorus fed and retained no 
definite conclusions can be drawn. The tendency in retention has 
been toward a general level at around 1.5:1. The high-phosphorus 
group, with a somewhat lower average intake ratio, had an average 
retention ratio of 1:1.4, while the low-phosphorus group, with a con- 
siderably higher average intake ratio, leveled down on retention to 
1:1.7. The exceptions to this statement are the retention ratios for 
2-year-olds in both groups. It is thought that possibly the marked 
departures in these cases are due to the relatively small amount of 
data for that age group. 

GROWTH AND REPRODUCTION RECORDS OF THE ANIMALS 

The procedure for recording growth was the same as in the earlier 
work.* A graphic summary of the growth records appears in figure 
4. Table 7 gives a record of the weight and condition at birth of 
each heifer’s first calf. 


Table 7. — Weight and condition at birth of calves horn to heifers in both phosphorus 

groups * 



High'phosphorus 


LoW'phosphorus 


group 


group 

Calf of heifer no. — 







Weight 

Condition 


Weight 

Condition 


at birth 

at birth 


at birth 

at birth 


Pounds 



Pounds 


162 

MO 

Good. 

* 163 

(<) 


176 

96 

Do. 

3 168 

(*) 


190 - 

96 

Do. 

3 191 

86 

Good. 

192 

98 

Excellent. 

193 - 

100 

Excellent. 

Average 

96.3 


Average 

92.6 









1 In all cases only one service was required for conception, 
s Sired by a Jersey bull; not included in the average. 

3 As previously noted, these animals had to be disposed of as yearlings. 

* No calf. 

> Retained the idaoenta. 

The graphs reveal a quite uniform rate of growth. The low phos- 
phorus group averaged smaller at the start and, with respect to girth, 

» IJNOSKT. J. B., Auchibald. J. O., and Nelson. P. R. See footnote 3. 




July 1, isw The Phosphorus Bequiremevis of Dairy Heifers 


95 


they continued so throughout the experiment. Their average w^hts 
were less until within a month before the experiment ended. Their 
superiority in height after the nineteenth month is attributed to the 
fact that data were available for only two heifers in this group (191 
and 193) during the latter half of the experiment. TTiis is confirmed 
by plotting the height curves for these two only for the entire experi- 




A.GE (MONTHS) 


Fiourk 4.— Composite curves represeutine average weights (A), height at withers (B), md hwt girths 
(O of heifers in the high- and low-phosidiorus groups. The solid lines represent toe high-phrephorus 
and the broken lines tne low-phosphorus groups. Commencing with the fourteenth month the curve 
for the low-phosphorus group w a composite for two animals only. 


ment, and comparing them with the curves for their mates in the high- 
phosphorus group (190 and 192) also for the entire experiment. When 
thus segregated, the average height for the two in the low-phosphorus 
group is seen to have been greater throughout than that of their mates 
in the high-phosphorus group, indicating an obvious reason for change 
in the trend of the composite graph in the latter part of the period. 

Differences in the evidence recorded in table 7 regarding the 
effect of the rations on the reproductive function are so slight that 
they are probably without significance. 
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In addition to this evidence secured while the heifers were on 
the experimental rations it is pertinent to include the fact that their 
subsequent history as cows with regard to either production or 
reproduction does not indicate that the high-phosphorus is suTOrior 
in any way to the low-phosphorus group. If emything, the latter 
group has a more satisfactory record. It is possible, of course, Aat 
benefits from the larger amount of phosphorous stored by the high- 
phosphorus group may be apparent later on, that these individuals 
may have a longer productive life, or that they may be able to stand 
the strain of continued high production better than the low-phos- 
phorus group. 

DISCUSSION 

From the data here presented it seems reasonable to conclude 
that heifers can make average growth on rations supplying amounts 
of phosphorus similar to those suppli^ by the low-phospho^s 
ration, that is, 1.8 g of phosphorus daily per 100 pounds of live 
weight during the first year of life, 1.7 g during the second year, 
and 1.2 g during the third year. That these amounts represent the 
optimum is not contended; probably they are somewhere close to 
the minimum. Hay containing less than 0.20 percent of phosphorus 
and consumed in normal amounts will not supply these amounts of 
phosphorus. Rowen and legume hays contain sufficiently more than 
that amount (0.20 percent) to provide a reasonable margin of safety 
even if nothing else is fed, but the average of a large number of 
analyses of ordinary mixed hays grown m Massachusetts shows 
only 0.16 percent of phosphorus, while some samples have been 
found that run as low as 0.10 percent. Where the roughage co^ists 
entirely of ordinary mixed hay, and especiafiy where the quality is 
inferior, some other source of phosphorus should be supplied. The 
most logical and practicable way to make up possible deficiencies in 
this respect is through limited grain feeding, which is nothing more 
than most successful feeders do regularly. 

The lowest phosphorus carrier among our common grains is corn, 
but even this will supply the deficiency when fed at a level of 3 
pounds daily, while much snialler amounts of such high phosphorus 
carriers as wheat bran or linseed meal will supply the necessary 
amount. 

SUMMARY AND CONCLUSIONS 

In summarizing the results attention is called to the following 
points: 

Retention and utilization of nitrogen and calcium were of a similar 
magnitude in both high- and low-phosphorus groups, such small 
differences as existed not being of statistical simificance, except in 
the case of nitrogen storage by the 2-year-old subgroups. The 
apparently significant difference here may have been due, however, 
to an insufficient amount of data in these age groups. 

Retention of phosphorus by the high-phosphorus group was 
superior at all ages, and significantly so during the first year. The 
low-phosphorus group made better use of the phosphorus they 
received, but not sufficiently so to equal the high-phosphorus group 
in phosphorus storage. 

Differences in growth and reproductive function were very^ slight 
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PRINCIPLES OF SNOW SURVEYING AS APPLIED TO 
FORECASTING STREAM FLOW ‘ 

By J. E. Church 

Meteorologist^ Nevada Agricultural Experiment Station, and adviser, Nevada Cooper- 
ative Snow Surveys 

SNOW SAMPLING 

The purpose of snow sampling is to obtain an inelastic standard of 
measunng snow. The method of ‘‘accumulated snowfalP', that is, 
the determination of total depth of newly fallen snow, storm by storm, 
necessarily involves errors due to variation in density of each snowfall. 
The average of many years will furnish a fairly accurate normal, but 
the seasonal measurement may be distorted.* Kain gage measure- 
ments, even where the catch is reasonably accurate, do not represent 
the residue of snow or moisture available on March 1 or April 1 . vSnow 
stakes do not give the density at all, and even late in the winter after 
the snow has settled a new storm of fluffy snow may distort consider- 
ably the af)parent water content of the snow. 

APPARATUS » 

A snow sampler, devised for use on Mount Rose, Nev., has been de- 
veloped in strength and length to meet all conditions of mountain snow. 
The entire apparatus, even for the deepest snows, can easily be carried 
by tw(^ersons, and for medium snows can be carried comfortably by 
one. The basic principle of this sampler is a slotted tube ending in a 
spiral milled cutter which will cut snow cores however hard the snow 
may be. A slight offset or shoulder in the inside diameter of the cutter 
prevents the core from sliding down while being lifted. The slots 
permit the ready determination of the length of the core and facilitate 
the cleaning of the tube in case the snow adhpes. The upper end of 
the tube is open, so that by the simple act of inverting, the snow core 
slides out quickly. Driving and clearing are accelerated by keeping 
the tube covered with a thin layer of shellac. 

The length of the tube depends upon the usual depth of snow found. 
The measurements are effected by a scale of inches stamped along the 
length of the tube to measure the depth of the snow and the length of 
the core, and by a special spring balance by which the net inches of 
water in the snow sample can be read directly from the dial. Thus 
no computations are necessary in the field. 

The notebook, treated by a special process to withstand snow and 
water,® bears the columns for data essential to making up the forecast 

(fig* 1)> 

‘ Received for publication Dec. 10, 1934; Issued September 1935. ^ ..... r » 

* The description of the apparatus is taken in large part from the following publication: Church JT. R. 
RUMHOLDT BASIN SNOW SURVEYS AND METEOROLOGICAL DATA. In Malone, O. w., Humboldt Rlvet Distri- 
bution and Different Features Affecting These Deliveries for the Years 1927 to 1931, Inclusive, ch. 6, pp. 
187-1031, illus. Carson City, Nev. 1932. ^ ^ ^ ^ 

> The use of waterproof paper for snow surveying was lieguo by the State of Oregon. 
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NEVADA COOPERATIVE SNOW SURVEYS 
Reno, Nev. 

SNOW SUBVBT NOTES 

Drainage basin> - 

Snow 

Party chief Date ,19 


Number of 
sample 

Depth of 
snow, 
inches 

Length of 
core, inches 

Water con- 
tent, inches 

Density 

100X(4)/(2) 

percentage 

Remarks 

(1) 

(2) 

(3) 

(4) 

(5) 



i 






N. B. — Sample no. 1 should not be taken at initial point or end of course but one 
space distant. 

Number of sheets. Compiled by Checked 

by 

Figure l.— Form of notebook page on which snow-survey data are recorded. 

The average of the total measurements represents the measure- 
ment for the course. The density is determined by dividing the water 
content by the depth. In case too large a proportion of the cores are 
more than 2 inches short (a condition sometimes caused by sticking 
snow), the average density is computed only for those measurements 
where the cores are satisfactory, and this density is applied to the 
average depth of snow of all the measurements in the course. Thus 
errors due to the failure of snow to enter the sampler tube can be 
largely corrected. However, by resampling when the cores are short 
or by waiting for the snow fiel^ to freeze, most of the unsatisfactory 
measurement can be avoided. 

Figure 2 shows the Mount Rose Observatory and the Tahoe Basin; 
figures 3 to 5 show the snow sampler in use in the field. 

RELATIVE VALUE OF DIFFERENT METHODS OF FORECASTING 

SNOW SURVEYING 

Two methods of forecasting based upon snow surveying have been 
developed — the percentage method and the method of areas. The 
former method is simple, being merely the determination of the per- 
centage relationship of the seasonal snow cover of any given basin or 
region to its normd, the assumption being that such a percentage is 
indicative of the coming seasonal run-off xn the streams below. By 
the latter method the surveyor endeavors to determine the acre-feet of 
water in the snow fields and the probable net amount that will find its 
vf&y into the streams. 

The difference between the two methods is fundamental. The 
percentage method is based upon the fact that the big storms which 
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furnish the bulk of the winter snow are comparatively uniform in 
intensity over considerable areas, thus lacking the spotted character 
of the hghter summer rams. Therefore, it is possible to select from 



Figuek 2.— .,4, Mount Rose Observatory at the crest of Mount Rose, elevation 10,800 feet; B, view of north 

and west sides of Tahoe Basin. 


to 6 snow-survey courses distributed over characteristic parts of 
basin and, by averaging their individual seasonal percentages, to 
obtain a close seasonal percentage for the basin as a whole. The only 



100 


Journal of Agricultural Seseareh 


Vol. n, no. 2 


requirements are that the snow courses shall be fixed and fairly long, 
such as 40 measurements 60 to 100 feet apart, and that they be located 
at a sufficient altitude to prevent distortion of the measurements by 
winter melting. A safe altitude on the western slope of the Sierra 
Nevada has been found to be approximately 7,000 feet. However, 
on the eastern slope and in the Humboldt Range, where the snow at 
this elevation is shallow, and therefore unstable, a higher elevation 
should, if possible, be sought. Sites for snow courses should bo selected 
when possible, in protected flats or in timber, where the snow cover 
does not suffer oscillation from the wind. 

The occtirrence of early melting in the lower portions of the water- 
shed and consequent distortion in the run-off indicated by the snow 
survey have caused the development of a zoning system. This 



Fiouke 3.- "Mount Rose snow sampler; the snow is as deep as the sampler is tall. 

system consists of the division of the watershed into a scries of altitude 
zones, measured by a planimeter on a topographic map, with a snow 
course and normal to represent each. The seasonal percentage for 
each zone is weighted according to the relative area of each. The 
average percentage of the zones represents the percentage for the 
watershed. 

The method of areas is beset by two serious difficulties: (1) The 
large variation in the snow cover (even of individual basins) with 
elevation and distance from the crest of its watershed: (2) the diffi- 
culty of determining the normal seepage and evaporation losses of the 
region. The close agreement, when the precipitation during the 
period of run-oflf is fairly normal, between the snow cover and the 
run-off as determined by the percentage method is shown in table 1 . 
The apparently wide divergence where the area method is used is 
shown in table 2. 



Figure 4. A, Mount Rose snow-sampler cutter; B, Mount Rose snow sampler beint; weighed with its core of snow. 


102 


Journal of Agricultural Research 


Vol. 51. BO. i 





July 15, 1935 Snow Surveying as Applied to Forecasting Stream Flow 103 


Table 1. — Similarity of snow cover in Tahoe Basin as determined by percentage 
method and rise of Lake Tahoe after Apr, i, in years of approxim^iy normal 
precipitation during run-off 

[Percentage of normal] 


Item 

1910-11 

1911-12 

1912-13 

1913-14 

1914-16 j 

1916-17 

Snow cover (average of 6 courses) 

170.4 

172.3 

-1.9 

49.7 

64.6 

-14.8 

68.2 

69.3 

-11.1 

163.8 

160.6 

+3.2 

88.2 

89.8 

-1.6, 

116.6 

125.9 

-10.3 

Actual rise of lake after Apr. 1 

Variation between snow cover and run-ofl.. 



Table 2. — Divergence between method of areas and percentage method of determining 
rise of Lake Tahoe after Apr. 1 in 19 IS and 1916 


Estimated rise by - 

Actual rise 

Divergence be- 

tween estimated 
and actual rise 
as i)eroentage of 
normal rise by— 

Method of area.s 
(corrected for 
normal losses 
by evaiwration 
from snow and 
surface of lake 
and by absorp- 
tion by the soil) 

Percentage method 
(no corrections 
for normal losses 
necessary) 

Feet 

Percent- 
age of 
normal 

Feet 

Percent- 
age of 
normal 

Feet 

Percent- 
age of 
normal 

Method 
of areas 

Percent- 

meXd 

0.08 

1.73 

5 1 
104.0 

1.46 

2.62 

88.2 

161.9 

1 49 

1 2.48 

89.8 
» 149.4 

1 i 

-1.6 

+2.6 


» ^"orrected by 60 percent for abnormal deficiency In precipitation during rise (see p. 106). Actual rise 
only 1.65 feet. 

METHODS OTHER THAN SNOW SURVEYING 

Three methods of forecasting based upon seasonal percentage but 
not upon snow surveying have entered or may enter into competition 
with the latter, bcfuiuse of their ease or inexpensivenese. These are 
the methods of accumulated snowfall, the winter rise of open lakes, 
and the depth of snow on the ground. The basis for choice between 
these methods and snow suiweying is the degree of accuracy justified 
by expense. 

Accumul.\ted Snowfall 

An inherent weaknes*^ of the method of accumulated snowfall is 
the variation in the density of the snow, not only from storm to storm 
but even from season to season. This is particularly true where only 
the snow stake is employed and the water content of the snow cannot 
bo determined because of distance of station from observer or because 
of the magnitude of the snowfall. In comparative measurements 
made in the Tahoe Basin by the Mount Rose Observatory and the 
United States Weather Bureau the divergence between this method 
and snow surveying varied between 20 and 55 percent for 5 seasons in 
a total of 8. Mthough this method is moderate in cost, its excessive 
latent inaccuracy makes it undesirable. 

Winter Rise op Open Lakes 

The winter rise of lakes (such as Lake Tahoe) which never freeze, 
should apparently be a safer standard for measuring the snowfall 
upon the adjacent watershed than the method of accumulated snow- 
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fall, aa the snow fahing upon the lake is reduced to water. The reverse 
is true, however, for the advantage of a fairly inelastic standard, such 
as water, is overcome by the variable factors of winter run-off from 
the watershed into the lake and the evaporation from its surface. 
In fact, a 9-year record shows that with a smgle exception the method 
of accumulated snowfall is from 5 to 40 percent more accurate. 

Depth of Snow on the Ground 

Of the three methods that compete with snow surveying, the 
depth of snow on the ground at the beginning of the season of run-off 
is by far the most accurate, and if handled carefully is a close rival of 
snow surveying. The prime essentials are that courses equal in 
fixity and length to those used in snow surveying must be maintained 
and that the measurements of depth must be made only when the 
new snow has settled approximately to the density of the snow 
beneath. Fewer measurements, as at occasional snow stakes, or meas- 
urements immediately after a storm, would cause corresponding dis- 
tortion in the results. 

Wliatever divergence occurs beyond the distortion due to the fore- 
going factors is caused by the seasonal density attained during the 
ripening of the snow. This density varies with the winter weather, 
particularly with temperature and wind, but the maximum variation 
between seasons is rarely greater than 10 percent. This is shown in 
table 3, which is based on snow surveys in the Tahoe Basin, in which 
both the depth of snow on the ground and the water content were 
determined over the same courses. Since the surveys were made 
without reference to the date of the previous storm the actual varia- 
tion between tlie two methods should be less than that shown in the 
table. 


Table 8. — Difference between depth of snov^ on the ground and waier content of 
enow cover tn the annual snow survey in Tahoe Basin, Apr. 1, 1909, to 1916 


Method 

[ 

Seasonal percentage for season indicated 


1909-10 

1910-11 

1911-12 

1912-13 

1913-14 

1914-15 

1915-16 

Depth of snow 

80.0 

165 1 I 

59.4 

60 5 

141.9 

93.6 

145.5 

Water content 

82.7 

170.4 

49.7 

58.2 

153.8 

88.2 

151.9 

Variation 

-2.7 


+9.7 

+8.3 

-11.9 

+5.4 

-6.4 


The gain over snow surveying is merely in saving the moderate 
expense for snow samplers. Aside from this the expense for field 
operations would be identical, without the satisfaction of certainty 
regarding the data obtained. 

VARIABLE FACTORS AFFECTING RUN-OFF 

Shrinkage and acceleration of run-off beyond normal occur occa- 
sionally, and must be taken into account in predicting the run-off or 
stream flow of an approaching season. 

In forecasting the summer flow from winter snows the chief problem 
is to anticipate and predict the abnormal shrinkage that infrequently 
occurs in the seasonal percentage indicated by the April survey. In 
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the first 11 annual surveys made since 1909 in the Sierra Nevada this 
shrinkage has occurred to an extreme degree three times and to a 
moderate degree twice. The maximum shnnkage has been 50 percent 
of normal for lakes and 25 percent for rivers. Later computations 
indicate a maximum of 40 and 20 percent respectively. 

PRECIPITATION DURING RUN-OPP 

The major factor in the phenomenon of shrinkage in the predicted 
run-off is lack of precipitation during the period of run-off rather than 
late snowfall or dryness of the watershed. This is plainly indicated 
by the divergence between the maximum shrinkage in lakes and in 
rivers. Lakes are susceptible to precipitation in whatever amount, 
but streams, because of the preponderating land area of their basins, 
may be from 80 to 90 percent immune to such influence when the 
soil is driest. In fact, the disparity between the susceptible water 
areas of lake and river basins, as in the case of Lake Tahoe and the 
Carson River, may be as great as 50 to 1. When it is considered that 
evaporation is the compleinent of precipitation and intensifies its 
lack, the theoretical probability of apparently so small a cause as lack 
of late spring and summer rainfall producing so marked an effect on 
the run-off becomes more understandable. No other weather factors 
could have caused the divergence. For the Tahoe Basin this preci- 
pitation amounts normally to 22.8 percent of the snow cover. In 
April, when the snow cover is most extensive, it is 10.0 percent, and 
in May it is 9.5 percent additional. 

Despite this fact an effectiveness of 25 percent seems at first 
anomalous in face of the further fact that occasional summer precipi- 
tation in the semiarid West is almost negligible as compared with a 
field of snow, because of the small proportion of the former that 
finds its way into the streams. However, at the time when the spring 
precipitation is heaviest the snow cover is most extensive, coming at 
times almost as low down as the gaging station, so that whatever 
precipitation falls at this period finds lodgment upon the snow surface 
and obtains a relatively untaxed passage to the streams. 

As between one region and another, the amount of shrinkage in 
run-off depends upon the quantitative relationship of the precipitation 
during run-off to that of the period of accumulation and to the depth 
of the soil on the watershed. In the Sierra Nevada a deficiency of 
100 percent in spring (i. e., April to July) precipitation seems to cause 
a shrinkage of 16.2 percent of normal in the run-off. However, in 
the Humboldt Basin in Nevada, where the spring precipitation is 
relatively four times heavier and the snow survey is made March 1, 
the shrinkage seems to be more than twice as great, or 36.1 percent. 
That it is not even greater is possibly due to the greater depth of soil. 

In the case of lakes like Tahoe, where the lake surface bears a 
relationship of 2 : 3 to the land area of the watershed, the shrinkage in 
expected rise is double that in rivers. These estimates are subject to 
still further increase owing to increased evaporation attending lack 
of precipitation, especially when prolonged. 

The relation of this fact to the April snow survey may be stated as 
follows: The equality between the seasonal percentage of the snow 
field, as measured April 1, and the succeeding run-off of April to July 
is dependent upon the normality of aU factors that influence the run- 
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off, for the very normal upon which the seasonal percentage is based 
is merely the average of many seasons, and presumably of so many 
that any abnormality of the weather has faded into the general 
average, 

MINOU FACTORS REDUCING RUN-OPP 

Lack of autumn rains, snowfall less than normal, and shrinkage in 
run-off below diversion points are contributory but minor factors in 
the phenomenon of occasional shrinkage of run-off. The absence of 
autumn rains in the semiarid West seems to have little or no effect 
upon the amount of moisture necessary to prime the soil in the spring, 
and its effect even upon the winter run-off is not plainly discernible 
in the presence of other factors. Indeed, the effect of the heaviest 
snow covers in the Tahoe Basin, which have a cumulative effect far 
in excess of rain, does not persist beyond October, or 4 months beyond 
its peak. This is due to the steep mountain slopes and a surface 
material sufficiently porous to permit a rapid run-off. Meadows 
and other retardu^ media are small in area as compared with the en- 
tire watershed, so that even the heavier rains are drained off before 
the winter has arrived. Moreover, the freezing of the surface soil, 
so effective on priming in the East, is entirely lacking, for the surface 
has been drained dry before the freezing temperatures of winter occur. 

The effect of subnormal snowfall in reducing the computed seasonal 
percentage of run-off may be obscured by excess or deficiency of 
precipitation during run-off, but it can be determined mathematically 
if the initial factors are known. Since the amount of moisture neces- 
sary to prime mountain soil in semiarid regions is practically imaffected 
by weather, and hence may be considered a fixed quantity for its 
particular basin, it becomes a factor of increasing importance as the 
snow cover falls below normal. For example, the normal snow cover 
of the Tahoe Basin estimated quantitatively by the method of areas 
is 22.7 inches water content and the amount of absorption in priming 
the soil theoretically determined is 8.6 inches, or 87.9 percent. This 
factor of absorption was obtained in the following manner. The 
actual mean rise of the lake to AprU 1 was 1.46 feet, and the mean 
rise after April 1 was 1.66 feet. Since the rise to April 1 is due largely 
to precipitation on the surface of the lake, it is safe to assume a pre- 
cipitation fully as great, and apparently 1.76 times greater on the lan4 
area that drains into it, judging from the relation of the precipitation^ 
aroimd the edge of the lake to the average precipitation over the 
slopes above it (based on the relationship of 176.1 percent between 
the snow at Ward Creek, elevation 7,000 feet, and Tahoe city). 
Furthermore, the land area is 1.5 times larger than the water surface, 
or, more exactly, 306.9 square miles to 192.7 square miles, thus mak- 
ing a total preponderance of 2.6 times. Therefore, if there were no 
accretions from the watershed and no losses through evaporation, the 
absorption would be determined thus: 

(1.76X306.9) : 192.7 :: estimated mean rise : 1.46 feet. 

Estimated mean rise after April 1 due to melting snow 

(uncorrected for absorption) 

Actual mean rise 

Mean absorption I 


4.09 feet. 

1.66 feet. 

2.43 feet =59.4 percent. 
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However, on the basis of the flow of the neighboring West Fork of 
the Carson River above 5,600 feet, approximately 15 percent of the 
rise before April 1 can be attributed to run-off during the winter 
from the watershed, leaving 1.24 feet as the rise due to direct iirccipi- 
tation on the lake. On the other hand, the winter run-off causes 
some loss of snow on the watershed. At the ratio of 2.64 (relative 
precipitation and area) to 1, this would amount, if distributed over 
the watershed, to 5.7 percent, which should be still further decreased 
because the winter run-off is fed in part by autumn rains. Conse- 
quently, tlus loss may be regarded as negligible. 

Agam, since the water of the lake evaporates more rapidly than 
the snow on the watershed, a further correction should bo applied to 
the lake level to restore the balance. For this an approximate factor 
of 3.5 inches or 0.29 foot is proposed for the period preceding April 1, 
and the same or a slightly larger factor for the period following it. 

The actual mean rise of the lake to April 1 , as thus corrected for 
difference in evaporation, would be 1.53 feet (=1.24-|-0.29), and the 
rise or run-off after April 1 , 1.95 feet (= 1 .66+0.29). The absorption 
would then appear thus: 

(1.76X306.9) : 192.7 :: estimated mean rise : 1.53 feet. 

Estimated mean rise (corrected for difference in evapo- 


ration but uncorrected for absorption) 4.29 feet. 

Mean actual rise (corrected for evaporation) 1.95 feet. 

Mean absorptioru. _ 2,34 feet ^54.5 percent. 


The quantitative determination of the absorption is more difficult 
because of the lack of a quantitative normal for the watershed. How- 
ever, the unexpectedly close agreement between the trial normals for 
1914-15 and 1915-16, the years under discussion, computed on the 
basis of the individual seasonal percentage of each, encourages their 
adoption as a satisfactory joint substitute. Table 4 gives the details. 

Table 4. — Forming a quantitative normal from seanonal fjcrcentage 


Yeiir 

Averafje 
water con- 
tent of 
snow cover 

Seastmal 
liercentage 
of snow 
cover 

Quantita- 
tive normal 
for snow 
cover 

1914-15 . , - . 

Inches 

19 93 

88.2 

Inches 

22.60 

1915-16 - 

34 66 

161 9 

22.81 

Quantitative normal of snow field 



22 71 


On the basis of the foregoing quantitative normal, the mean quan- 
titative absorption, 54.5 percent of the snow field, amounts to 12.38 
inches. However, since one-third of this amount has already entered 
the soil, especially on the lower levels, by April 1, when the survey is 
made, the net mean absorption is estimated at only two-thirds of the 
foregoing amount, or 8.25 inches. 

The decrease in run-off with decrease in seasonal percentage of snow 
for the Tahoe Basin is shown in table 5. 
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Table 6. — Decrease in run-off with decrease in seasonal percentage of snow for 

Tahoe Basin 


Snow cover 

Absorp- 

tion 

Run-off 

Decrease 
from 
snow 
cover of 
normal 
run-off 

Percent 

Inches 

Inches 

Inches 

Percent 

Percent 

100 1 

22 7 

8 6 

14 1 

100 

.0 

76 - - — 

17 0 

8.6 

8.4 

59.5 

15.5 

60 

11 4 

8.6 

2.8 

19.9 

30. 1 

26 

6.7 

8 6 

2 -.2 9 

* -20.6 

« -46 6 


* Normal 

> The minus sign indicates the entire absence of ruu-ofT, and the figures 2 0, 20.5* and 45.5 indimte the 
amount of deficiency. 


Shrinkage in the expected flow below diversions is similar in effect 
to subnormal snow, for not only is the ratio of decrease progressive, 
but the land is thirstier because of the general dryness of the season. 
In years of heavy precipitation the diversions tend to increase the 
seasonal percentage, as based upon the snow fields. One of the 
observations made in 1919-20 is shown in Table 0. 


Table 6. — Shrinkage in expected run-off below diversions for Carson Basin with 
Tahoe and West Walker Basins as checks; April- July 1920 



Kxiiected run-off 


Actual run-oir 









Dimi- 

n • 




Diver- 



nut ion 





.sions 


Percent- 

from 


Normal 

Sea.sonal 1919-20 


Ainouiit 

age of 

normal 


1 





normal 



Acrc’feet 

Percent 

Acre-feet 

Acres 

Acre-feet 


Percent 

Carson (Empire) 

246,412 

70.0 

172, 488 

27,000 

97, 496 

39 6 

30 4 

Tahoe 

1 1 66 

50.2 

» 0.83 

None 

1 0.89 

6,3 6 

3 4 

West Walker 

190,366 

74 8 

142,394 

Small 

164, 100 

66 2 

11 4 


1 llise. 


This shrinkage is shown conspicuously in the variation in the 
ratio of the use of water in the Tnickee Meadows with variations 
above and below normal in the stream. These meadows consist of 
approximately 35,000 acres of irrigated and swamp land aroimd KenO, 
Nev., supplied by a normal April to July run-off of 350,000 acre-feet. 
During the 12 years from 1908 to 1919, the average variation at the 
ga^g stations above and below all diversions in the Truckee River, 
which is the main source of supply, was as follows: (1) With rim-off 
above normal, -}-8,676 acre-feet; (2) at normal, —2,668 acre-feet; (3) 
below normal, —55,760 acre-feet. In terms of the normal run-off 
of this river the percentage of variation is -f 2.7 when the stream is 
above normal; —0.8 percent when at normal; and — 17.1 percent when 
below normal. The data are shown in table 7.* 

* Norcross, C. a. water cost of irrigation, truckee valley, NEVADA. Nev. Agr. Col. Ext. Bull. 
26:16. 1919. 
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Table 7. — ESeci of diversions in Truckee Basin^ iSTev., April~July 
[Normal run-ofls, 325,745 acre-feet i] 

SEASONS ABOVE NORMAL RUN-OFF 


Ruu-ofl In acre-feet 


Year 


190S-9 

1910-11 

1913-14 

1916-16 

1910-17 

Average 


Snow cover 
percentage 
of normal 


Percef^ 

(») 

176 4 
142. 1 

148.9 

118.9 


At State 
line (above 
diversions) 

At Vista 
(below 
diversions) 

Average variations 

Amount 

Percent- 
age of 
normal 

Acrf-feet 
600,200 
789,000 
544, 442 
473,850 
449, 510 

Acre-feet 
582,900 
799,000 
622,540 
452,780 
443. 160 

Acre-feet 










4-8, 676 

+2 7 

571,400 

1 

580,076 


SEASONS OF NORMAL RUN-OFF 




7fi 7 

308, 400 
341,650 

337, 700 



1914- 15 


83 2 

361,870 



1918-19 - 


88 1 

349, 818 

292,294 






Average.. . 


- * - - 

333, 289 

330,621 

j 

-2,668 

-0 8 


SEASONS BELOW NORMAL RUN-OFF 


1907 8 .. .. 

1911- 12 

1912- 13 

1917-18 - . 

Average 




(^) 

48.5 
52 9 
*89.6 




231,800 
200,400 
215, 590 
253, 548 

164,900 
136, 300 
175, 700 
201,400 








-55, 760 

-17 1 

225, 335 

169, 575 


1 Additional run-off from creeks flowing directly into the Truckee Meadows 22,000 acre-feet (estimated), 

2 Previous to establishment of snow survey. 

3 Though snow cover w'a.s nearly normal, the precipitation during run-off was deficient 63 jiercent. 


The failure of the ratio to rise in seasons above normal as much as 
it falls in seasons below normal is evidently due to the relatively 
small draft made by the meadows upon the waters of the Truckee 
and auxiliary creeks, even when the stream is only at normal. Dis- 
crepancies in individual seasons, as in 1918-19, are rare and may be 
duo to other factors, such as previous condition of soil moisture 
or variations in rate of evaporation. 

Most of the factors mentioned in the foregoing discussion are illus- 
trated in table 8, based upon 4 seasons of deficient precipitation 
during run-off, with 6 check seasons of normal spring and summer 
rainfcdl. A lake and a river basin adjoining each other, and con- 
sequently exposed to similar weather conditions, are selected to show 
the divergence between the types. 

The dominant and consistent correlation is the precipitation, the 
river basin being loss affected by extremes than the lake basin. The 
priming of the soil by autumn rains or winter run-off presents constant 
contradictions. The effect of the extremely subnormal years of 
1911-12 and 1912-13 is obscured by excess precipitation, and shrmk- 
age below diversions during these years does not appear, possibly 
also because of the summer rainfall. The data in this table are con- 
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finned by those obtained in the season of 1919-20, immediately fol- 
lowing, in which the forecast for was approximately 20 percent below 
normal, and the summer rains, except for two heavy showers, were 
entirely lacking. The diminution in run-off seems to have been as 
high as 30 percent. 

Table 8. — Effect of weather upon seasonal run-off in seasons with and without 
abnormal shrinkage in run-off in Carson Rtver and Tahoe Lake Basins. 

SEASONS OF ABNORMAL SHRINKAGE IN RUN-OFF (PERCENTAGE OF NORMAL) 

CARSON RIVER BASIN 




Priming of soil as 



Run-off 



shown by excess 

Excess and defi- 





and deficiency of 

ciency of pre- ] 




Water 

autumn rains 

cipi tation and 



Year 

content, 

and winter run- 

evaporation. 1 


Variation 


of snow 

on. 




Seasonal 

between 


cover 





percent- 

snow 



1 




age 

cover and 



Autumn , 

Winter 

Precipl- 

Kvaju)- 


run-off 



rains 

run-off 

tation 

ration 



1909-10 . - 

» 82 7 

+165 41 

+38 31 

-29 2 


64 14 

1 — 18. 6 

1915-16 

» J51.9 

—69 65 

+49. 69 

-70.4 


126 71 

! —26 2 

1917-18 

96.4 

I -25. 19 

-29. 51 

-57 2 

*+27.7 

3 61 31 

a -35 1 

1918-19 

96.8 

+100.00 

-44. 52 

-0.8 

> +36 2 

66 58 

-30 2 


SEASONS OF ABNORMAL SHRINKAGE IN RUN-OFF (PERCENTAGE OF NORMAL) 

TAHOE LAKE BASIN 


1909-10 

1 82.7 

+140. 18 

« +38. 31 

-86 9 


61. 45 

—21 2 

1915-16 

151.9 

-42,83 

< +49. 69 

-82.9 


99.40 

—62.6 

1917-18 

95.0 

-71.96 

< -29 61 

-63.0 

+^.7 

53. 61 

-41.4 

1918-19 

103.0 

+113 69 

< -44. 52 

-63.5 

+36. 2 

a 72. 89 

3 -30. 1 


SEASONS WITHOUT ABNORMAL SHRINKAGE IN RUN-OFF (PERCENTAGE OF 
NORMAL) CARSON RIVER BASIN 


1910-11 

> 170 4 

— 18.80 

+7.36 

+26.8 


176. 70 

+6 3 

1911-12 - - 

» 49.7 

-40.98 

—40. 75 

+61 0 


42.43 

—7.3 

1912-13 - 

> 68 2 

+22. 18 

-67.30 

-4-72.4 


67. 18 

— 1 0 

1913-14 

1 153.8 

— 16 92 

+81. 89 

+3.5 


162. 95 

+9. 2 

1914-15 

> 88. 2 

—48.60 

—17. 35 

— . 4 


93 33 

-l~5 1 

1916-17 

1 115 6 

+30.08 

+19 08 

+.4 

3+6.0 

128.65 

+13.1 


SEASONS WITHOUT ABNORMAL SHRINKAGE IN RUN-OFF (PERCENTAGE OF 
NORMAL) TAHOE LAKE BASIN 


1910-11 

170. 4 

-12,80 

1 

* +7. 36 

+3.27 


172.29 

+1.9 

1911-12 

49.7 

—60.26 

4 _4o. 75 

+63. 48 


64 46 

+14.8 

1912-13 

58 2 

+27. 16 

♦ —57. 30 

-1-12.69 


69.28 

-i-ll. 1 

1913-14 

163. 8 

—6,80 

4 +81.89 

-4.53 


150.60 

-3.2 

1914-15 

88.2 

-66 73 

< -17.35 

+11.84 


89.76 

+1.6 

1916-17 - 

115.6 

-13.02 

♦+19.08 

-23. 43 

3+6.0 

1 

125 90 

+10.3 


1 Substituted from Tahoe Basin because of lack of snow surveys. 

2 From floating pan at Tahoe City. 

3 At Clifton, 20 miles below Empire. Probable correction b percent; seasonal 66.31 and variation 30.1. 

< Interpolated from Carson River. 

» Maximum rise accelerated 3 weeks by high temperature. If corrected for evaptiration to normal date 
of maximum elevation, July 7, seasonal percentage of run-off would be 60.89 and variation 42.1. 

APRIL PRECIPITATION 

The precipitation factor in table 8 is made more obvious by the 
preponderance of the April or April-May precipitation over the 
remaining precipitation in the seasons of 1913-14, 1914-15, and 1916- 
17. Thus, in the Tahoe Basin in 1913-14, nearly two-tmrds of the 
total precipitation during run-off fell in April; in 1916-17, more than 
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two-thirds; and in 1914—15, although only 0.54 inch fell in April, this 
was supplemented in May by 3.70 inches, the joint precipitation 
amounting to ninety-five one hundredths of the total for the run-off 
period. 

In the Tahoe Basin the normal April precipitation (1.78 inches) is 
estimated at 10.6 percent and the May precipitation (1.60 inches) at 
9.5 percent of the normal winter snow cover, while the precipitation 
for June is only 2.7 percent and that for July 1 to 15 is negligible. 
Thus, in view of the continuous melting of the snow fields after March 
15 and the increasing area of exposed soil, the precipitation for April 
should indicate the probability of normality or shrinkage in the 
seasonal run-off. It is possible, however, that the May precipitation 
at times may become the deciding factor, or that concentrated rain, as 
in 1919-20 may complete the monthly or seasonal normal and leave 
bright skies to accelerate the evaporation. But this latter effect is 
only partial as compared with total lack of rain. 

ACC^ELE RATION OF RUN-OPF 

Acceleration or even retardation of snow melting does not neces- 
sarily mean abnormal increase or decrease in the relative seasonal 
run-off, for the melting when once begun is almost continuous. 
Consejiuently, the soil has no opportunity to dry out, and the total 
variation in run-off is probably less than 8 percent. 

It is a striking fact that in all of the seasons of abnormal shrinkage 
in run-off shown in table 8 the seasonal temperature during run-off 
was from 0.7° to 4.2° F. in excess of normal. Tlxis temperature was 
2.5°, 0.7°, 3.0°, and 4.2° F. in excess for tha seasons of 1909-10, 
1915-16, 1917-18, and 1918-19, respectively. Its principal effect 
was to run the moisture from the snow fields prematurely, without 
noticeably increasing the total seasonal flow. The percentage of 
normal run-off in the Carson Basin in 1918-19 was as follows: April, 
86.4; May, 115.2; June, 27.6; July, 4; April-July, 58.3. The excess 
in temperature at Reno, Nev., during April was 2.1°; May, 7.2°; June, 
1.8°; July, 5.7°; April-July, 4.2° F. The percentage of normal 
snow cover on April 1 was 98.6 and the variation between run-off and 
snow cover 30.2 percent below normal. 

Although the May flow is 16.6 percent above that of the snow 
cover, the June flow falls to a deficiency of 71 percent, while the 
July flow is negligible. The total seasonal loss of 30.2 percent, due 
to lack of rains, is so large that little compensation can have come 
from the accelerated melting, but it is possible that the increased 
ratio of shrinkage below diversions accompanying subnormal run-ofl‘ 
may have clouded the result. 

LIGHT DENSITY OF LATE SNOWS 

That late mountain snows have a tendency to run off prematurely 
is not proved by data so far gathered. The fact is rather that these 
snows pass through a process of accelerated ripening as a result of the 
alternation of thawing and freezing that occurs normally in April 
above the elevation of 7,000 feet. For example, at Summit Station, 
Calif., in 1917-18, the relative density of the snow field for its entire 
depth was only 36.6 percent on March 24, but on April 15 it had 
increased to 49.2 percent with a loss of only 3.3 inches above the cur- 
rent precipitation in a total snow cover of 32.8 inches. 
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It is true that snow of light density at the beginning of the time of 
naelting, before losing its water, fails to attain tne density of snow of 
higher initial density. But the maximum seasonal variation in 
density for the Tahoe Basin as a whole is under 13 percent, and no 
marked effect from light densities appears in the run-off. This is 
sho'vra in table 9 by the lack of correlation between deficiency in 
density ^ and the advancement of the month of maximum run-off or 
even of acceleration in the melting, which latter is due mainly to 
excess of temperature. 

Table 9. — Lack of correlation between light density of snow cover and early 
maximum run-off in Carson River Basin, 1909-10 to 1916-16 


Year 


Snow 

cover 

in 

Tahoe 
Basin 
(per- 
cent- 
age of 
nor- 
mal) 


190^10 

1910- n 

1911- 12 


Ki.d 

167,5 

49.9 


1912- 13. 

1913- 14. 

1914- 15. 

1915- 16. 


58.3 


154.1 
88.4 

152.2 


I Excess 
or de- 
ficiency 
in 

density 
of snow 


Excess 
or de- 
ficiency 
in tem- 
pera- 
ture 
from 
March 
to 

month 
of maxi- 


Month of 
maximum 
run-off (nor- 
mal month, 
May) 


Percentage of monthly normal run-off to show ac- 
celeration 1 


mum 

accel- 

eration 

inclu- 


sive 


March 


April 


May 


June 


July 


Percem 

+3.3 

+2.4 


op 

+7.5 

+.7 


May. 

June- 


-9.5 
- 8.2 
+12.2 
-5 2 
+6 7 


- 1.2 
+ 6 
+4.2 
+2.0 
+4.4 



134.43 
142. 01 
37.0 
44. 35 
162. 10 
71.40 
134.39 


127.66 
135. 63 
7.62 
57.09 
163.29 
95.23 
161.95 


74.54 
113 05 
52.78 
82.35 
178 65 
83.11 
121.58 


34. 18 
236.24 
61.83 
36.26 
148.95 
108.69 
118. 52 


19 01 
258.36 
12.61 
14.0 
156 06 
77. 16 
101.40 


August 


161. 10 


141.37 


> Maximum accelerations shown in bold-faced tyi)e. 


CHARACTER OP STREAM BED 

An exception to the foregoing statements must be made in the case 
of the Humboldt Basin. Owing to the alluvial character of the stream 
bed and obstructions in the channel, an unusual amount of water is 
required for priming the river. This amount becomes excessive when 
the stream bed has become dry because of a preceding dry year. As 
high as 20 percent of the normal run-off has been required for such 
priming, and in 1931-32 a correction of 30 percent was made for 
superdryness resulting from a succession of dry years. In the Hum- 
boldt Basin this factor is next in importance to precipitation during 
run-off. 


PREDICTING RUN-OFF FROM LARGE AREAS 

UNIFORMITY IN THE SNOW COVER 

Uniformity of the snow cover m adjoining basins is an important 
feature in making practicable j;he forecasting of run-off from large 
areas. This condition of uniformity is due to the fact that winter 
storms which build the snow cover on the mountains are usually 
wide-spread in their sweep and that the gradient of their intensity is 


> Bee column 3, table 9. 




July 18 , M88 Snow Surveying as Applied to Forecasting Stream Flow 113 

low and unifonn for relatively wide distances. This is particularly 
true of the “big storms” that often furnish the bulk of the winter 
precipitation. However, in seasons of heaviest snow cover, the oscil- 
lation or variation between basins (as shown by river flow in table 10) 
appears at times, but not imiformly, to be more accentuated than in 
seasons of noipal or light snow cover. 

The similarity of snow cover in adjoining basins is indicated dis- 
tinctly by the snow surveys of 1917-20, as shown in table 10; yet the 
last two basins, Carson and Walker, cover a joint distance of 95 miles. 

The gradient of seasonal percentage increased toward the south in 
1917—18 and 1919—20, but toward the north in the intervening year. 
This uniformity is not a local peculiarity, but has been found also in 
the Wasatch Range, Utah. For example, the snow surveys of 1913-16 
in the City Canyon and Big Cottonwood Canyon Creelis, conducted 
by the Umted States Weather Bureau and the engineering department 
of Salt Lake City, respectively, varied from each other during the 
entire period only 1 .7 and 2.9 in seasonal percentage. The distance 
between these basins is 14 miles. 

Table 10 . — Similarity of seasonal 'percentage of snow cover in adjoining basins 

1917-tS to 1919-20 


Perwnf ase of snow rover In indicated basins, each 
beinjj represented by 1 (Antral station 


Season 

Yuba 

(Summit 

station) 

Tahoe 

(Uul)icon 

Peak) 

Carson 

(Blue 

Lakes) 

Walker 

(Center 

Mountain) 

I»17~1S 

82.5 

1)0. 0 

9f).<l 


_ 

107. 1 

» 95 5 

90 8 

97 0 

lttl9-20 

71. (> 

73.3 

75 3 

HS.2 


» The average of the 3 crest stations, Ward Oeck, Rubicon Teak, and Lake Lucile, is KM 7 


Conditions in tue Sieura Nevada Ranoe 

To extend the study of uniformity of the snow cover beyond tlie 
present limit of the snow surveys, provisional recourse has been had 
to the run-off of such streams in the Sierra Nevada as were obviously 
dependent upon the snow cover. To reduce the streams to a common 
standard, the seasonal percentage of each in terms of its own normal 
was taken. Furthermore, to avoid all possible influences except that 
of the snow, the normals and seasonal percentages were confined to 
April- July. Finally, the streams were grouped laterally and trans- 
versely along the range to determine the probable amount of oscilla- 
tion in the snow and the detailed snow supeys necessary to detect it. 

Table 11 includes particularly the division by slopes. The western 
slope is fully represented from the Klamath to the Kern. The eastern 
slope still lacks the minor basins of Honey Lake and Goose Lake in 
the north, for which no data are available. The footliill streams, 
being fed only to a minor extent by snow, are segregated from the 
rest. The primary peak of their flow occurs in midwinter, and only 
occasionally does their April- July run-off correspond closely with that 
that of the crest streams. 


13344-36 2 
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If the run-off of the 15 crest streams on the western slope were repre- 
sented graphically, there would be a curve varyii^ from end to end 
annually from 24.9 to 299.4 percent. The latter represents the season 
of 1916-16, when the apparent snow cover increased from 98.3 percent 
in the ujjper Klamath Basin at the northern end of the range to 390.3 
percent in the Kern Basin at the far southern end, and disastrous 
floods occurred even at San Diego. 

If the slope is divided into three sections of approximately 150 miles 
each, the extreme annual variation in each would be somewhat re- 
duced: Northern Sierra section, 8.6 to 91.4 percent; central Sierra 
11.1 to 49.4 percent; southern Sierra, 9.7 to 259.0 percent, the latter 
occurring the year of the flood. If the upper Sacraraento-McCloud 
and Kem Basins, situated at the extreme ends of the range, are treated 
as parts of new sections, the variations in the plateau section should 
be reduced to the extremes of 6.1 and 27.4 percent and in the southern 
Sierra sections to 2 and 57.9 percent. Finally, and of greatest impor- 
tance for forecasting, the individual percentages for several adjoining 
basins represent, with occasional exceptions, a fairly uniform curve of 
change, not only within the several sections but also overlapping from 
one section to another. 

Even closer uniformity exists on the eastern slope, if the rise of 
Lake Tahoe is corrected for excess and deficiency of precipitation 
upon its surface to make the rim-off in its lake basin more comparable 
to that in river basins. The variation might be even smaller if cor- 
rections were made for evaporation and diversion of water in the 
Tahoe and Carson Basins respectively. 

Likewise, if a cross section of the two slopes is taken, a similar 
uniformity in the snow fields, with occasional variation, is shown by 
the streams that head in a common summit but flow down the range 
in opposite directions. Unfortunately, all examples are confined as 
yet to the northern Sierra section. In the Truckee-Yuba Basins the 
extremes in annual variation are 3.7 and 36.1 percent; in the Tahoe- 
American 0.3 and 42.4 percent; in the Carson-Mokelumne Basins, 
2.3 and 49.2 percent; and in the West Walker-Tuolumne Basins, 
0. 1 and 20.1 percent. In this last case, data are lacking for the year of 
probably maximum variation. Table 12 furnishes details of the 
records. 




Side and section of raDge and total length 1 Basin i 1909-10 , 1910-11 1911-12 \ 1912-13 j 1913-14 ; 1914-15 | 1915-16 ; 1916-17 1917-18 1918-19 
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Table 12. — Variation between run-off of streams on opposite slopes of Sierra 
Nevada that have a common summitffor April-July periods^ 1909-10 to 1918-19 


Percentage of normal riin-olf for years indicated 


Section 

Basin 

1909- 

10 

191 fi- 
ll 

1911- 

12 

1912- 

13 

1913- 

14 

1914- 

15 

1915- 

16 

1916- 

17 

1917- 

18 

1918- 

19 


(Tahoe i 

73 H5 

172 29 

55 76 

67.68 

151.00 

88. 76 

111.20 

127. 40 

02.61 

81.99 


IVuba 

6fl. 07 

140 10 

50 58 

68. 10 

1 12. 61 

117.27 

111. 87 

lot 93 

47.67 

70. 82 


I American 

77. 58 

184 12 

56. 20 

60. 13 

109. 25 

124 04 

110.88 

110.10 

53. 46 

76.85 


(Maximum variation* 

7.2 

26 2 

.8 

7.8 

42.4 

35.3 

.3 

22 6 

14.9 

11.2 


1 Carson 

64. 14 

176.70 

42. 43 

57. 18 

102 95 

93. 3.3 

125 71 

128.65 

*61.31 

66 58 


iMokeiuinne 

79. 95 

lOS. 22 

.53 24 

51.84 

113 75 

109. 01 

123.28 

113 54 

63. 64 

75. 29 

Middle.-- 

Lstanislaiis 

74. 31 

10:1.92 

49.80 

44. 14 

105. 16 

105. 46 

no 32 

109. 74 

60.65 

61.09 


Maximum varia- 

15.8 

12.8 

10.8 

13 0 

57.8 

15.7 

15.4 

18.9 

2.3 

14.2 


1 tion * 












[West Walker 

96. 57 

150 58 

56.23 

50.96 



1 19. 98 

106. 85 

81 95 

70 34 

Sniit.h _ _ 

< Tuolumne . 

70.49 

150.60 

59.82 

59 49 

"il3.17 

i05 65 

102. 33 

107. 95 

73. 12 

67. 21 


iMaximum varia- 

20.1 

.1 

3.6 

8.5 



8.7 

1.1 

8.8 

3.1 


tion.* 












> Corrected for rainfall on surface of the lake. 

* Bold-faced figures indic^ate variation between slopes 

3 At Clifton, 20 miles below Empire, where measurements are usually taken; correction for diversion 
should probably be -|-5 0 percent. 

OSCILLATION IN THE SNOW COVER 

The second marked chara(*teristic of the snow cover, as shown 
by the flow of the streams (table 11), is its occasional heavy oscillation 
along or across the range. A striking illustration of the former 
is the continuous and frequent zigzag in the seasonal percentage 
between the basins along the western side of the Sierra Nevada proper 
in 1910-11, when the maximum variation even within the individual 
sections was at its peak of 88.0 to 57.9 percent. Another illustration is 
the sudden upward sweep in the Kern Basin of 72 percent from the 
neighboring Kaweah Basin in 1913-14 and 239 percent in 1915-10. 

Oscillation across the range is illustrated by the diversity in th(5 
stream flow in the northern Sierra section in 1913-14 (table 12). 
Although the maximum oscillation along the range, as measured on 
the western side, was only 18.3 percent, the oscillation across the axis 
in the four several groups of basins varied from 28.5 to 49.2 percent, 
the excess being uniformly on the eastern side. 

QUADRANGLES IN FORECASTING 

On the basis of stream flow, both uniformity and oscillation over 
the range can be detected and forecasted most accurately by dividing 
the range into a series of sections or quadrangles, the length of each 
according, theoretically, with the length of oscillation (fig. 6). But, 
practically, the quadrangle should be short enough to keep the normal 
oscillation within reasonable limits without regard to any overstepping 
from one section to the other. The width of the quadrangle should 
be sufficient to include all foothills above the elevation of 6,000 to 
8,000 feet on both sides of the crest, in order to furnish as long a 
transverse base line as possible. Crest stations with outposts on both 
sides should be maintained to reveal any deviation in the seasonal 
percentage either along or across the range. Each basin should be 
represented by one or more crest stations, the number depending 
upon the size of the basin or the reliability of the station. 
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In the original Califonua-Nevada cooperative snow survey, three 
quadrangles wore tentatively formed. The oldest was the central 
Sierra quadrangle, comprising the Honey, Tahoe, Carson, and Walker 
Basins on the eastern slope, and the Feather, Yuba, American, Moke- 



Fiqurk 6.-~Relief map of California and Nevada with quadrangles showing longest feasible units for fore- 
casting stream flow in Sierra Nevada and Great Basin ranges. A, northern Sierra quadrangle; central 
Sierra quadrangle; C, southern Sierra quadrangle; Southern California quadrangle; Ep Humboldt 
quadrangle. 

lumne, Stanislaus, Tuolumne, and Merced Basins on the western 
slope. Crest stations representative of the major portion of the quad- 
rangle were established, Avith outposts along the eastern side, four of 
the latter being on the crest of ^e Carson Range, which forms the 
eastern wall of the Tahoe Basin . On the western side, outpost stations 
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were established only in the Yuba Basin in the northwestern part of 
Uie quadrangle. 

The southern Sierra quadrangle included all crest basins from the 
San Joaquin Basin to Tehachapi Pass, thus comprising the San 
Joaquin, J^ngs, Kaweah, and Kem Basins on the west and the long 
Owens Basin on the east. Special attention should be riven to the 
surveys in the complex Kem Basin, which includes the long trough 
between the double crest of the high Sierra and the broad valley 
adjoining the Mojave Desert. The northern Sierra quadrangle coin- 

g rised the upper Klamath, McCloud, Pit, and upper Sacramento 
asins on the west and the minor Goose Lake Basin on the east. 
The mountains are relatively low and without commanding crests, 
and outpost stations are difficult to obtain. Moreover, the maximum 
flow of the streams occurs in February to May, instead of March to 
June and April to July as do the streams successively toward the 
south, but the curve of flow is greatly flattened by the retarding 
effect of the lava field. However, the snow fields of Mount Shasta 
and Lassen peak, aided by seasonal catch gages on the floor of the 
basin, might prove to be a factor of considerable importance in helping 
to forecast the flow. 

Foothill Streams and Southern California 

The Cosumnes and Tule, the only foothill streams of major im- 
portance in the Sierra, resemble the'northern Sierra streams in their 
early run-off. However, their curve of flow is sharper and the neces- 
sity of early surveys and short forecasts is consequently greater. The 
western outpost station of the Mokelumne at Bear River Reservoir 
would serve as a crest station for the Cosunmes; and Hackett 
Meadows, selected as one of the western outposts for the Kaweah- 
Tule, woiild serve reasonably well as a crest station for the Tule. 
The only possible outpost stations for either would be precipitation 
stations equipped with catch gages. 

In southern California, where the ranges are comparatively low 
and the precipitation is light, many of the crest stations must depend 
upon catch gages for determining the total winter precipitation, and 
except in the case of underground flow, the forecast must often present 
the effect of individual storms, rather than the cumulative effect of 
the entire season. However, the presence of some high peaks, as in 
the San Gabriel Mountains, and the major importance of the sub- 
surface flow make the establishment of a fourth quadrangle, known as 
the Southern California quadrangle, desirable. 

In this quadrangle the seasonal water must be classified under two 
heads: (1) The amount available from snow fields and the precipita- 
tion that falls upon them, and (2) the amount available from ram or 
quickly melting snow. Since the priming loss from the first is far 
less than from the second, it follows that the net gain from the former 
is far greater and should be given greater weight in estimating water 
resources. 

The net gain from the latter will naturally depend upon the heavi- 
ness of the precipitation and the previous dryness of the soil. The 
foregoing general plan is being carried out by the present California 
cooperative snow survey except that the local basin rather than the 
quadrangle constitutes the main unit. 
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INAUGURATING A SNOW SURVEY 

LOCATING THE SNOW-SURVEY COURSES 

In inaugurating the snow survey of a basin or drainage area, the 
initiaJ steps should be to determine the chief tributaries of the draining 
stream and to locate snow-survey courses at points of major flow. In 
this way a large basin can be served with a minimum of effort. For 
example, the Humboldt Basin in Nevada (fig. 6) has a length of 350 
miles and a drainage area of 14,200 square miles above Humboldt 
Lake, which receives its residual waters. But its run-off can be de- 
termined fairly well from four stations strategically placed in the 
Ruby and Charleston-Independence Mountains, these being parallel 
ranges 80 niiles apart which furnish approximately 90 percent of the 
water of this basin. 

The supplies from these two ranges bear approximately the ratio 
of 3.2 in favor of the higher and more rugged Ruby Range. Of the 



Figure 7— Ideal site for a snow course, Big Meadows, eastern outpost snow course of the Truckee River 
basin. (Meadow is in middle distance.) 


feeders from tlic C.^harleston-Independence Ranges, Mary^s River and 
North Fork furnish 84 percent of the total run-off on that side, and 
of the three from the Ruby Mountains, Lamoille Creek and South 
Fork furnish 86 percent from their group. Furthermore, South Fork 
furnishes twice as much water as Lamoille Creek. On the basis of 
these observations, there should be 4 groups of snow courses: 2 in the 
Ruby Range, 1 each along South Fork and Lamoille Creek, and 2 in 
the Charleston-Independence Ranges, along the headwaters of Mary^s 
River and North Fork. The courses planned for the larger streams 
in each group will serve probably for the smaller streams as welL 
An ideal course site is shown in figure 7. 

An example of another type is the Bow River Basin of Alberta, 
Canada, where the Canadian Meteorological Service inaugurated snow 
surveys in 1916-17. This basin is so alpine at its head in the Glacier 
National Park that a survey by the method of areas is physically 
impossible, and even a survey by the method of seasonal percentage 
is far from easy because of the difficulty of finding sites for stable 
courses. But an adjacent smaller basin of gentler contours has a 
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snow cover closely representative of that in the larger basin. Conse- 
quently, the seasonal percentages in the smaller basin can be safely 
applied to the stream now of the Bow River Basin also. 

In basins reaching far down from the crest of the range, crest and 
outpost stations should be established, the latter at a sufficient dis- 
tance from the former to give a fair average of seasonal percentage 
at the two extremes of the basins. 

Zoning 

Recent years of light precipitation and premature melting have 
driven forecasters inevitably to zoning. The outposts which seemed 
to provide an index of oscillation horizontally furnished no clue 
vertically even when early run-off was plainly manifest. 

The system of zoning or weighting depends upon the relative area 
in each watershed beWeen fixed elevations. The lower limit of 
elevation represents the altitude of the stream-gaging station or lake 
level, and the upper represents that of the crest of the watershed. 
Three horizontal zones usually suffice. 

These zones can readily be laid out on a topographic sheet, avail- 
able for most watersheds, and their area determined by planimeter. 

Representative snow-survey courses are established in each zone, 
and the seasonal percentage of snow cover for each zone is determined 
in terms of its own normal. The average of these zonal percentages 
when weighted for the relative area of its own zone represents the 
we%hted average for the basin. 

'Hie drawback to this system is the present lack of snow-survey 
courses at lower levels, and the difficulty of finding a course at low 
levels that may not occasionally be bare at the time of surveys; for 
some index of snow cover must be had, however poor the season. 
Otherwise all definiteness is gone. Advantage is gained from using 
the system only when the zonal percentages differ from each other. 

Bridging 

In cases where funds are insufficient for surveying all the basins in 
a series, the method of bridging can be used with a fair degree of 
accuracy. This is merely using the average of the seasonal per- 
centage of flanking basins as representing the seasonal percentage of 
the basin intersituated. Thus in the Walker Basin, in which crest 
snow-survey courses are remote from habitations, preliminary esti- 
mates of snow cover are made March 1 by the simple expedient of 
using the average of the percentages at the crest stations in the Mono 
and Carson Basins, though distant 60 miles apart, and averaging this 
with the seasonal percentage of the eastern outpost of the Walker 
Basin, which is readily accessible. Thus the chance of oscillation 
from any direction is avoided. 

Occasionally, a final forecast has been made for the Carson Basin 
by simply averaging the forecasts for the Walker and Tahoe Basins, 
which flank it. 

DEVELOPING A NORMAL 

In the absence of a normal for either snow cover or run-off, a simple 
process is to obtain data for the current snow cover and stream flow 
and apply them provisionally as a standard to the data obtained 



July w, 1035 Snow Surveying as Applied to Forecasting Stream Flow 121 

during the second and immediately succeeding years, until such time 
as a normal can be computed. Care should be taken to determine 
whether the run-off of tins first or standard year has been abnormally 
affected by lack of normal precipitation or by other variable factors 
after melting began, for otherwise the resulting error would be per- 
petuated. 

If rainfall measurements in the basin are not available, use should 
be made of those nearest or most reliable, for lack of rain sufficient to 
cause extreme variation in the run-off will be a general rather than a 
local phenomenon. If a satisfactory normal for stream flow is 
already at hand, so that the seasonal percentage of the first year is 
definitely known, this percentage can be considered as that of the 
snow cover also, provided no abnormal shrinkage has occurred in the 
former. From this percentage, the normal of the snow cover can be 
obtained at once. 

A capital example of such pioneering is furnished by the experience 
of 1919-20 in the Humboldt Basin. The courses were 1 year old 
and some melting liad occurred before the original measurements 
could be made. P'urtherinore, the succeeding stream flow, measured 
by the Unite*! States Geological Survey, had not been announced. 
On the assumption that the melting was 3 inches of water (based on 
observations in the Sierra Nevada), the original measurements were 
increased by this amount and were then used as a standard of com- 
parison. On tliis basis, tlie snow cover of the season of 1919-20 was 
found to be 76 percent of that of the preceding season. On the other 
hand, there had been a probable shrinkage of 25 percent in run-off the 
preceding season due to general lack of precipitation, wliich might 
not occur in the present season. Consequently, a forecast of stream 
flow approximately equal to that of the preceding season was made, 
but owing to weather conditions this was reduced m tfie May forecast 
to 91 percent. 

Although no definite statement of the acre-feet available could be 
made, the comparison with conditions in the previous season was even 
more comprehensible to the irrigationist, who still had a vivid recollec- 
tion of its dryness. Later, the stream flow for 1918-19 (April to 
July) was announced as 115,690 acre-feet, or 49.6 percent of normal. 
Tlie estimate for 1919-20 was immediately changed to 45.1 percent or 
105,278 acre-feet. The actual run-off was 105,950 acre-feet, or 45.4 
percent. However, this apparent closeness may be merely deception, 
for the gaging station is below diversions. 

A provisional normal may be based on as few as three seasons^ 
measurements, provided the seasons are complementary. Thus, in 
the Tahoe Basin the seasons 1909-10 to 1911-12 and 1912-13 to 
1914-15 consisted of a heavy, an average, and a light snowfall each, 
and their normals for crest and eastern outpost stations, measured 
in inches of water, bear a close resemblance to each other and to the 
6-year normal. (The figures, in inches, for the crest were 45.09 
and 42.99 for the respective 3-year periods 1909-10 to 1912 and 1912- 
13 to 1914-15, and 44.04 for the 6-year period 1909-10 to 1914-15; 
those for the eastern outpost for the same periods were, respectively, 
26.14, 27.02, and 26.56.) Tliis rare occurrence has not been repeated 
and only recently has the average of the snow covers since 1915 
approached normal. 
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Years of very excessive snow cover or run-off should be omitted 
in forming a normal unless the normal is based upon records for a 
very large number of years. Otherwise the ^ ^ reasonable expectation ' ^ 
will be set too high and chronically subnormal years will result. For 
this reason, in all computations made in the Sierra Nevada surveys, 
seasons above 200 percent have been omitted temporarUy. Such high 
records include the rise of 225 percent in Lake Tahoe in 1906-07 and 
the tremendous flows in the Kern River of 345.4, 302.7, and 390.3 
percent in 1905-06, 1908-09, and 1915-16, respectively. 

Revised Parallel Normals 

Whore possible, the normal for snow cover and its run-off should 
be based on the same period of years, and that period should be 
reasonably long. A normal of 24 years has been computed for 
the run-off of the Truckee Basin, and the various normals for snow 
cover there have been expanded to correspond. This normal could 
have been lengthened still further by including the dry years since 
1928, but it was feared that the normal for run-olF would thereby 
be depressed too much. However, comparison with a 41 -year record 
in the Yuba Basin and ])hysical evidence of low lake levels at an 
earlier period in Eagle Lake not far north indicate that such would 
probably not be the case.® 

This 24-year normal of run-off in the Truckee Basin was further 
used as a standard for expanding the normals for both run-off and 
snow cover in neighboring basins. 

A 24-year normal was likewise computed for run-off in the Hum- 
boldt Basin, but owing to the effects of diversion, and also probably 
to the spotted character of desert precipitation, it did not make a 
satisfactory standard for expanding the normals in its tributaries. 

SPRING AND SUMMER PRECIPITATION STATIONS 

In each basin, precipitation gages sheltered from the wind and of 
sufficient capacity to catch either snow or rain should be central|Piy 
located to determine the average precipitation over its area during 
the period of melting and late summer and autumn run-off. A gage 
at a central settlement will usually suffice, but occasionally a seasonal 
gage set farther into the basin will be more satisfactory. 

FORECASTS 

Three forecasts of run-off each season will meet all ordinary needs, 
except when reservoirs are used for the dual purpose of flood catch- 
ment and irrigation storage. Then surveys and forecasts should 
begin with the first heavy snowfall and continue at intervals through- 
out the season. The first forecast is made early in April and repre- 
sents merely the seasonal percental of the snow cover at its maximum 
stage before melting has set in. The second is made early in May, 
when the probable effect of weather on the run-off can be anticipated 
and the estimate of probable run-off corrected for abnormal shrinkage. 
The third is made early in June, when the run-off of April and May 
furnishes a clue to the balance available. 


•Harding, S. T. changes in lake levels in the great basin area. . . . Civil Eng. 87-00, iUus, 
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Such forecasts will be requisite to the necessary control of the 
Truckee River under the new plan of additional storage and careful 
reflation being formed to serve divergent interests below. 

The snow surveys made early in May and in June indicate the rela- 
tive amount of snow still unmelted, and when a normal for melting 
has ultimately been obtained these surveys will furnish a cWk on 
the forecasts. These later surveys need be made at only a few 
central stations, but the courses should preferably be on level ground 
to indicate average conditions of melting at their altitude. 

Temperature has such an immediate effect upon the run-off that 
it is always a disturbing factor in attempts to forecast the rate of 
run-off for any considerable period. In the case of reservoirs and 
lakes whose normal decrease from maximum stage due to evapora- 
tion is known, forecasts of available water for irrigation and power 
can be made with fair certainty until autumn, when the new season’s 
storms begin. 


ACCURACY OF SNOW SURVEYS AND FORECASTS OF STREAM PLOW 


The following summary of the accuracy of 63 snow surveys and 
forecasts corrected May I.*} for probable departure in precipitation 
during run-off indicates that two-thirds were within 10 percent of 
accuracy and almost four-fifths within 15 percent. This result was 
attained with old normals. Of the 6 basins included in the sum- 
mary, one was a lake basin, another was affected by large divoreions 
above the point of gaging, a third lacked outpost stations. Zoning 
was employed only in the more recent years of the series. The accu- 
racy of the forecasts — that is, the variation between forecasts and 
actual run-off in percentage of normal run-off — ^is shown for various 
percentage classes in the following tabulation: 


Number of 

Accuracy within following percentage based on normal run-off: forecasu 

0 to 5 percent 27 

5 to 10 percent 14 

10 to 15 percent — 7 

15 to 20 percent 6 

20 to 25 percent - 5 

25 to 30 percent — 3 

30 to 35 percent 1 


Total 


63 


ORGANIZED EFFORT ESSENTIAL 

Single-basin surveying is sometimes unavoidable, but larger public 
service with increased accuracy and relatively decreased expense 
can be rendered by wide-area surveying with a central agency direct- 
ing the work. In this way overlapping can be avoided. Further- 
more, early knowledge of the latent water resources of the range 
would permit power companies in deficient basins to make adjust- 
ments by ‘Hying-in^^ with their more fortunate associates. 

Where watersheds cover two or more States, cooperative snow 
surveying is essential either by the Federal Government or by the 
States. Such watersheds are the Sierra Nevada series and the 
Colorado and Columbia Basins. Water districts, power companies, 
and municipalities should be included in the cooperation to obtain 
understanding and cooperation from the public. 
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COST OP SNOW SURVEYS 

The cost of surveying a basin depends upon the number of its course 
and their "accessibility. In the Tahoe Basin, the ^^controP' basin of 
the central Sierra section, with its seven stations and a circuit from 
Reno of approximately 320 miles by train, automobile, ski, sledge, and 
motorboat, the April survey requires the equivalent of 13 days by a 
party of two persons, or proportionately less by the three parties that 
usually do the work. In the Yuba and Carson Basins, 4 to 6 days are 
required. But in the Walker Basin 10 days of strenuous effort and 
110 miles of snowshoeing are necessary to cover the two forks and 
reach the almost inaccessible crest stations between the Walker and 
Tuolumne Rivers. Surveys on May 1, because of their small number, 



Figure 8. -Uefupe hut on sloi)e of Mount Rose at an altitude of 9,000 feet, head<iuarters of the snow surveys 

on Mount Rose. 


require far less time, being confined mainly to the crest stations in the 
Carson, Tahoe, and Yuba Basins. 

The present problem is to penetrate the higher basins of the Sierra 
Nevada far enough to make an acciu-ate determination of their snow 
cover. To accomplish this chains of refuge huts a day^s march apart 
must be constructed and provisioned. The only requirement is a 
preliminary winter reconnaissance to find sites where the snow lies 
sufficiently shallow to permit entering the huts without effort. To 
make the latter problem simpler, a ‘"Santa Claus chimney^’ may be 
constructed as an entrance. The refuge-hut system is now well 
established (fig. 8). 

To the expense of the actual surveys must be added the initial cost 
of snow samplers and snow traveling equipment, this cost depending on 
the number of parties in the field. The sum of $15,000 was suggested 
as the annual expense for conducting the entire system of surveys 
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throughout the Sierra Nevada. By means of contributions from co- 
operators, the legislative appropriations are being kept wi fhin tUs 
limit. 

LIMITATIONS 

The snow surveys are limited in accuracy corresponding to the in- 
crease in the relative precipitation during nm-off. Since tliis relative 
precipitation is least on the Pacific coast and increases steadily to the 
Contmental Divide, the parallelism of the snow cover and run-off 
likewise diminishes toward the east. Thus the ratio of precipitation 
during run-off (April-July) to the snow cover or precipitation during 
November-March varies from 18.2 percent in the Sierra Nevada to 
85.7 percent in the Continental Divide and 238.2 percent in the Great 
Plains at Denver. This disparity with coast conditions persists in 
Montana ’ and is even greater in Canada, where the percentage 
reaches 284.9 percent at Calgary. 

However, since the snow cover during melting has the character of 
continuous precipitation, its effectiveness far exceeds that of a similar 
quantity of occasional rains, which are partly wasted in repriming the 



Figure D.—Comparisoii of snow cover and run-off, Truckee River Basin, exclusive of Lake Tahoe, 1912-13 

to 1933-34 

soil. Thus the percentage of loss in run-off due to complete lack of 
normal summer precipitation will probably range from 16 percent in 
the Sierra Nevada to approximately 30 percent on the Continental 
Divide. In the Plains region, the loss may ysltj fropi 75 to 90 percent. 

Figures 9 and 10 show the degree of steadiness between the snow 
cover and the run-off under ideal conditions of heavy snow cover, 
shallow stream bed, and relatively light summer precipitation, and the 
difficult conditions of light snow cover, alluvial stream channel, and 
relatively heavy summer precipitation. But even in the latter case, 
the analysis of the affecting factors has brought a fair degree of ac- 
curacy in forecasting. 

SNOW SURVEYING IN PRACTICE 

The simple principles already outlined form only a part of the prob- 
lem of snow surveying, for the requirements are frequently complex. 


7 The ratio of November through March precipitation to that of April through August is as follows: 
Billings, 1:2.76; Havre. 1:3; Helena. 1:2; Miles City, 1.2.7. 
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Therefore, adjustments and experimentation are essential in each 
phase of the work. A simple enumeration of the problems already 
encoimtered * opens a wide field, even though uses other than for 
forecasting stream fiow are omitted. Of these problems one was a 
forecast of how often Lake Tahoe would fall below its outlet during 
the next 60 years under present regulation. Another was an estimate 
as to how long it would require Lake Tahoe to regain its normal level 
if artificially drawn down. A third was an estimate as to the probable 
normal run-off of the East Walker River, Nev., for which only 2 years 
of record existed. A fourth was the probable run-off high up on the 
West Walker based upon the run-off much farther down the stream. 
A fifth was the relation of run-off to precipitation on the Continental 
Divide.® 

Special snow-survey systems have also been worked out for the 
Klamath and Tule Basins in Oregon and California, for the Coeur 
d’Alene in Idaho-Washington, and for the Bow in Canada. The 
first basin was typical of streams flowing from a dry to a wet zone. 
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Figuee 10 Coinparisou of snow cover and nm-ofl, upper Humboldt Basin, 1910-11 to 1033-34. 

The second represented a dry lake bed that could easily be flooded. 
The third was a basin whose storage was small as compared with its 
total discharge, and consequently required careful forecasting to con- 
serve late waters without overflowing the reservoir. The fourth 
represented run-off from snow and summer rains in about equally 
effective quantities. Its source was so rugged that parallel and less 
rugged watersheds had to be sought for the snow surveys. 

At the present time, a cooperative effort is being made to improve 
forecasting in the Humboldt Basin, Nev.,’® where scant snow cover, 
relatively heavy precipitation during run-off, numerous diversions 
above gaging stations, alluvial stream bed, tortuous channel, and 
tight dams create obstacles for the forecaster. The universality of 
the problem makes this basin an ideal laboratory for the study of 
snow surveying. 

“ Unpublished. 

» Chvbch, J. E., and Jones, E. H, precipitation and run-off at the continental divide. Sngin. 
Nev^-Reo. 94:190-95. (Discussion by H. P. Boardman, p. 195.) 

10 Church, J. £. snow survey problems in the humroldt basin, Nevada. Reprinted from State 
Engineer’s Report, 1932, Distribution in the Humboldt Basin. 
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FORECAST SYSTEMS FOR THE COLORADO AND COLUMBIA 

RIVER BASINS 

The following analysis of the Colorado and Columbia River Basins 
has been made as a basis for the snow-survey systems that have now 
become essential for their regulation. 

COLORADO RIVER BASIN 

The Columbia and the Colorado together drain the entire western 
slope of the Rocky Mountains from New Mexico into Canada (a 
distance of approximately 1,300 miles) and furnish an annual water 
flow of approximately 169,000,000 acre-feet at the ratio of 9 :1. The 
Colorado has a run-oflF of 17,500,000 acre-feet — a large run-off, but 
relatively small when compared with that of the Columbia. 

Of the two projects, the forecasting of the Colorado is more press- 
ing because of the approaching completion of the Boulder Canyon 
Dam. This project is also far simpler, for unlike the Columbia, the 
Colorado, with the negligible exception of the Gila, rises entirely in 
the highlands of the Continental Divide and receives practically no 
additions toward its mouth. Thus the area of 225,000 square miles 
above Yuma, Ariz., is reduced for forecast purposes by about one-half, 
and the crest line of 760 miles is reduced to 550 miles. Furthermore, 
3 tributaries — the Green, the Grand, or upper Colorado, and the San 
Juan — furnish 87.1 percent of the mean annual run-off at Yuma of 
17,500,000 acre-feet; that is, about 15,000,000 acre-feet. Of the 
15,000,000 acre-feet thus furnished, 2 of these 3 tributaries or feeders, 
the Green and the Grand, or upper Colorado, furnish 12,500,000 acre- 
feet, or practically 82 percent. In other words, the Green and the 
Grand or upper Ck)lorado, furnish 71 percent of the entire flow at 
Yuma. The mean run-off of these streams as computed in 1921 is 
as follows: 

Acre-fed 


Groon River 5, 800, 000 

Grand, or upper Colorado 6, 600, 000 

San Juan 2,700,000 


Since the San Juan is highly erratic in its run-off and very important 
in the early season operations of the Boulder Canyon reservoir, all 
three tributaries should be included in any detailed plan of snow 
surveying. There will thus be included the watershed crest from 
the Colorado-New Mexico line almost to Yellowstone Park and 
then southwesterly to central Utah. Hence, of the seven States 
immediately interested in the Colorado River — Wyoming, Colorado, 
Utah, New Mexico, Arizona, Nevada, and California— only Wyoming, 
Colorado, and Utah contain the primary and essential snow-survey 
courses. Simpler still, the joint forecast for these three tributaries 
will become the forecast for the main Colorado below. Precipitation 
in the semiarid region below the tributaries can have no more than 
a minor effect. 

Unlike the Columbia, the Colorado has far more irrigable land 
tributary to it than it can serve. Consequently, close regulation 
of this stream will be essential in order to guard against floods and 
yet give maximum service to irrigation and power. To accomplish 
this, a snow-survey system should be begun immediately and de- 
veloped to highest efficiency as the maximum use of the stream 
draws near. 
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COLUMBIA RIVER BASIN 

The mean annual run-off of the Columbia at The Dalles is approxi- 
mately 151,500,000 acre-feet. This tremendous flow of the Columbia 
is furnished by three principal tributaries — the upper Columbia with 
the Kootenay (50,000,000 acre-feet), the Clark Fork-Pend Oreille 
(19,000,000 acre-feet), and the Snake (45,000,000 acre-feet). The 
combined system covers with a more or less complete network the 
entire arid region of Idaho, Oregon, and Washington, and thus 
guarantees to these States a permanent foundation for agricultural 
and power development. The chief problem, especially downstream, 
will be the lifting of water to the highlands, and its solution may 
be the power ability of the stream itself. 

The three tributaries mentioned (the upper Columbia, Kootenay; 
the Clark Fork-Pend Oreille; and the Snake) supplv 77 percent, 
or about 117,000,000 acre-feet, of the total annual flow of the 
Columbia at The Dalles, and their individual basins are so large 
and their flow so abundant that at least two of them have become 
centers for a series of great reclamation projects. Of the tributaries, 
the Spokane has long been the source of interstate power. 

The problem of forecasting the April to July run-off of the Colum- 
bia is virtually the problem of forecasting the run-off of its individual 
feeders, for the interests served are on the tributaries rather than on 
the main stream. However, the collective forecast for the feeders 
would represent the forecast for the main stream. This is shown by 
the record of 1913 to 1921. During that period the maximum annual 
variation between the collective run-off of the major feeders and the 
run-off of the main stream at The Dalles was within 7 percent; and 
the maximum variation for April to July was within 11 percent, 
although divergences of 20 to 35 percent frequently occur between 
the tributaries themselves. On the basis of fragmentary records, a 
similar closeness of agreement prevailed throuj^hout the preceding 
decade. However, forecasting for even the individual feeaers is far 
more complex than on the Colorado. Precipitation during April to 
July grows relatively heavier with increase in distance frf>m the Pacific 
coast, and the snow cover on the upper Columbia watershed melts 
slowly during this period, thus catching and ultimately transmitting 
to the stream the bulk of the precipitation. Therefore, the snow 
cover on April 1 represents the minimum rather than the probable 
flow of the stream. 

The lower Columbia drains the Cascade and Coast Ranges, wliich 
are here of low elevation and transmit the bulk of their snow imme- 
diately to the streams. For instance, 57 percent of the run-off of the 
Willamette occurs in December to March and 27 percent in April to 
July, Furthermore, the precipitation on the Willamette watershed 
is relatively light during April to July and adds little to the summer 
flow in the lower Columbia. On the other hand, the flow of the 
Columbia above The Dalles is only 17 percent in December to March 
and 61 percent in April to July. Consequently, the upper and lower 
Columbia are complementary to each other. Whatever late spring 
and summer rise occurs in the Columbia will be due to the snow on 
the Continental Divide. On the other hand, except for the influence 
of the Chinook, the high water in winter should be due to heavy pre- 
cipitation in the Cascade and Coast Ranges and should occur mainly 
in the lower Columbia and its immediate tributaries. 
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SUMMARY 

Snow, while falling, is the plaything of wind currents and so resists 
exact measurement as precipitation. Consequently, it cannot satis- 
factorily be measured as is rain in a catch gage. On the other hand, 
after falling, snow is an elastic substance that cannot be measured in 
terms of depth only as is rain. To meet these two problems a snow 
sampler was devised that would quickly measure not only the depth 
of the snow but its water content as well. 

However, in the semiarid West streams are fed almost entirely by 
snow fields, and the water must be carefully apportioned. Even if 
it were possible to determine the exact quantity of water in the snow 
field or the net amount that would ultimately reach the stream 
draining it, it would not be feasible to do so. 

Recourse was therefore had to the percentage system of forecasting, 
for it was found that the relative snow cover throughout a basin was 
the same wherever measured provided neither drifting nor melting 
had occurred. To avoid the errors that might arise from drifting, 
long courses with 25 to 50 samplings were employed, and the average 
was taken as indicating the snow at that point. Melting was rare 
and was met by a system of altitude zones. It was now merely 
necessary to maintain a single fixed course in each zone to determine 
the relative amount of snow in the basin. Frequently, if melting 
had not occurred, a single course would serve all zones. This course, 
if averaged for a fair number of years, would give a ^‘normaF^ or 
‘^mean^’ water content by which to estimate the percentage relation- 
ship of coming seasons. This percentage was obtained by dividing 
the now snow cover by the mean snow cover; that is, by the average 
of all the snow covers preceding. 

This percentage relationship was found to correspond closely to a 
similar percentage relationship of run-off in the stream below into 
which the snow field was discharging. Thus a 75-percent snow cover 
on April 1 assured an approximately 75-perccnt run-off during the 
months of April through July, after which the streams rapidly run 
dry. The only divergence found was caused by lack of the precipi- 
tation that normally falls during the run-off season. This, however, 
can be fairly well estimated after the first (5 weeks, and corresponding 
corrections made in the estimate. 

So uniform is the snow c.over for great distances along the axis of 
the Sierra Nevada, that usually variations of less than 20 percent 
occur over distances of 100 miles. Thus the run-off forecast for one 
stream can be applied also to its neighbor and even to its neighbor’s 
neighbor, and likewise to streams on opposite sides of the crest. 

Accuracy within 10 percent in the forecast is usually possible. 
Even in the case of a single group of snow courses at Summit Station 
at the crest of the Truckec Basin in the Sierra Nevada, the diver- 
gence between snow cover and run-off in 12 years out of 17 was less 
than 10 percent. 

A larger comparison under difficult conditions indicates similar 
accuracy. In 63 forecasts for the Truckee, Tahoe, Carson, West 
Walker* south Yuba, and Mokelumne Basins, covering 19 years, 
41, or practically two-thirds, were within 10 percent of accuracy, 
and all were within 31 percent. Twenty-seven, or nearly one-half, 
were within 5 percent. This system is known as the percentage, or 
Nevada, system. 

13344—85 3 
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Snow surveys are limited in accuracy in proportion to the increase 
in the relative precipitation during run-off. Since this relative 
precipitation is smallest on the Pacific coast and increases steadily to 
the Continental Divide, the parallelism of the snow cover and nm-^ff 
likewise diminishes toward the east. Thus the ratio of precipitation 
during run-off (April through July) to the snow cover or precipitation 
during November through March varies from 18.2 percent in the Sierra 
Nevada to 85.7 percent in the Continental Divide and 238.2 percent 
in the Great Plains at Denver. This disparity with coast conditions 
persists in Montana and is even neater in Canada, where the per- 
centage reaches 284.9 percent at Calgary. 

However, since the snow cover during melting has the character of 
continuous precipitation, its effectiveness far exceeds that of a similar 
quantity of occasional rains, which are partially wasted in repriming 
the soil. Thus the loss in run-off due to complete lack of normal 
summer precipitation will probably range from 16 percent of normal 
rvm-off in the Sierra Nevada to appro.ximately 30 percent on the 
Continental Divide. In the Plains region, the loss may vary from 
75 to 90 percent. 

Notwithstanding its limitations, snow surveying is valuable in 
forecasting the minimum run-off from a watershed. Such is its pur- 
pose where the snow cover is regarded merely as a supplement to 
ground-water storage and summer rains. 




NEMIC PARASITES AND ASSOCIATES OF THE MOUN- 
BEETLE (DENDROCTONUS MONTICOLAE) 

IN UTAH* 

By Gerald Thorne 2 

Associate nematologisi, Division of Nematology, Bureau of Plant Industry, United 
States Department of Agriculture 


INTRODUCTION 

The mountain pine beetle (Dendroctonus monticolae Hopk.) has 
boon known for many years in the lodgepole pine belts of Utah. In 
1 929 outbreaks of this pest, affecting many thousands of trees, began 
in widely separated localities. 

The most serious outbreaks were on Blacks Fork, Horse Creek, 
and Smiths Fork, near the Utah-Wyoming line in Summit County, 
Utah, and Uinta County, Wyo. Another severe infestation devel- 
oped in the upper Provo River Basin oast of Kamas, Utah, between 
Shingle Creek and Broadhead Meadows. These outbreaks spread 
rapidly from the original centers^ of infestation during the years 1980 
to 1932. At the end of this time they wore checked by a control 
l)rogram inaugurated by the Forest Service, United States iVpartment 
of Agriculture, which consisted of surveying the areas and burning 
the infested trees. In the course of this woric the nemas described in 
this paper were collected. 


HISTORICAL REVIEW 

A small outbreak of the mountain pine beetle on lodgepole pine 
(Pinus contorta Loudon) occurred on Henrys Fork, Summit County, 
Utah, in 1924-25. This outbreak apparently was diminishing when 
control measures were applied and the beetles were practically eradi- 
cated. A similar outbreaK on Rock Creek, Duchesne County, Utah, 
about 1915 to 1917 was reduced by imknown natural agencies. 

Evidences of previous outbreaks are present in certain localities. 

Cat-faced” (scarred) trees with pitch-preserved beetle borings are 
numerous in the Henrys Fork territory, and the annual rings show 
that the outbreak occurred between 1870 and 1880. In the Horse 
Creek territo^ there is similar evidence of an outbreak about 150 
years ago.^ The rarity of such outbreaks in this locality indicates 
that climatic conditions, diseases, or parasites have generally effected 
sufRciont control to hold the beetles in an endemic stage and that, 
unlike conditions which exist in lodgepole pine forests in Idaho and 
Montana, only occasionally are conditions favorable for serious out- 
breaks. The studies heroin presented show that nemic parasitism 
was negligible during the outbreak under discussion. 

Published information on the nemic parasites and associates of 
the mountain pine beetle is limited to a recent paper by Steiner ^ in 

1 Received for publication Mar. 30, 1936; issued September 1936. 

> The writer is indebted to A. O. Nord, supervisor, and Blaine Betenson, assistant supervisor, of the 
Wasatch National Forest, Utah, who suggested this problem and secured much of the material through 
the forest rangers under their direction. 

A Nord, A. G. Oral communication. 

< Steiner, G. some nemic parasites and associates of the mountain pine beetle (dendroctonus 
MONTICOLAE). Jour. Agr. Research 46: 437-444, illus. 1932. 
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which three associate species, Diplogaster oeddentalia Steiner, Aphel- 
enchoides conurus Steiner, and A. acropostlmn Steiner were described 
from Idaho. 

NEMAS COLLECTED 

Collections of larvae and adult beetles, together with bark from 
infested trees, were secured from four localities in Utah, namely. Blacks 
Fork, Horse Creek, Smiths Fork, and the upper Provo River Basin. 
Ten species of ncmas, 9 of them new to science, were secured from 
this material. The distribution of these species is given in table 1. 

Table 1. — Distribution of 10 species of nemas, including 9 new species^ found in 

4 localities in Utah 


Si)e('ies of nema 


Aphelenchulua reveraua, n. sp 

Anguillutina pinophila, n. sji 

Anguillulim niagnicauda, B sp 

ApheUnchoidea brachycephalus, n. sp 

Aphelenchoidea talonua, n. sp 

ApheUnchnidea tenuidena, n sp 

ApheUnchoidea latua, n. sp 

PanagrodorUua dentaiua, n. g., n.sp 

JHplogaster pinicola^ n. sp... 

Rhabditia oUuaa Fuchs, IfllS 

^ Plus (+) sign indicates presence; minus (—) sign, absence. 
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Samples of bark from 20 uninfested trees adjacent to those infested 
with beetles were also examined. The fact that not one species of the 
nemas associated with the beetles was found in these samples indicated 
that the nemas might be dependent upon the beetles for transportation 
from tree to tree and for providing suitable living quarters. 

NEMIC ENDOPARASITE OF THE MOUNTAIN PINE BEETLE 

A single endoparasitic species belonging to the genus Aphelenchulus 
was found in every locality investigated. About 2 percent of both 
adults and grubs of the beetle were each infested with 1 to 11 female 
nemas and, in some instances, scores of eggs, larvae, and immature 
females. This genus previously has been represented by a single 
^ecies, A. mollis Cobb, 1920,® a parasite of the wood-bonng beetle, 
CyUene picta Drury. 

APHELENCHULUS REVERSUS, N. SP. 

Eggs , — Deposited before segmentation. Size variable, 30m by 60m to 42m by 
90m. Several hundred deposited by each female in the body cavity of the grub 
or adult beetle. Segmentation and hatching occur immediately after deposition. 

Newly hatched larvae , — Length 0.22 to 0.30 mm; width 12m to 16m. Cuticle 
finely striated. Lip region rounded and expanded (fig. 1, A). Tail conoid to the 
small blunt terminus (fig. 1, B). Spear exceedingly slender, without basal knobs. 


» roBB, N. A ONE HI’NDBEI) NEW NEMAS. Contributions to a Science of Nematology, IX, pp. 30L302, 
illus. Baltimore, im 
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Esophagus a slender tube, narrowing as it passes through the nerve ring, then 
gradually expanding and merging with intestine. Excretory pore a little posterior 
to nerve ring. 

Second-stage larvae . — Measurements of recently molted specimens: 


1.5 16. 20. Juv. 95. 
1.2 3.4 3.7 5. 3. 


0.35-0.42 mm 


Similar in appearance to the young larvae except for the uniformly tapering 
anterior end (fig. 1, C) and the developing gonads. Genital primordium visible 
at beriming of first molt (fig. 1, B). From it the single ovary develops forward 
until it is about half as long as body, its terminus reflexed a distance equal to 3 to 
5 body widths. A prominent gland usually is visible just back of the nerve ring. 
During this stage little or no increase in iiody length but marked development in 
width. 

Intermediate forms between this stage and the adults were not found. 
Apparently it is during this portion of the life cycle that the nemas leave their 



Figure l.—AphelenchvXm reversus. A, Anterior end of molting flrst>stage larva* eph cut ex. Larval cephalic 
cuticle; on, spear. X 1,000. B, Posterior end of molting first-stage larva: gen pri, Genital primordium; 
cut ex, larval caudal cuticle. X 1 ,000 C, Anterior end of second-stage larva: ppl U), Labial papillae; amph 
gl, amphidial glands. X 1,000. 

hosts and transfer to other beetles or grubs. However, none was found outside 
the bodies of the hosts and the method of transfer remains unknown. 

Females from grubs and adult beetles . — Length 1.0 to 1.8 mm; width 50/* to 180/** 
Vulva 94 to 96 percent. Body bent dorsally, more or less cylindrical throughout 
greater part of its length but tapering conspicuously at the very narrow lip 
region, which is not set off in any manner. Cuticle annulated near the head and 
at the terminus; on some specimens annules conspicuous, on others almost in- 
visible. Body constricted at vulva, especially ventrally. Tail broad, bearing 
dorsal, hornlike, annulated terminal projection which actually is the upturned 
original tail of the immature nema. This **horn*' apparently becomes upturned 
as body distends with growth of the internal organs, and pressure is relieved on 
the ventral side when the broad vulvar opening is formed at the last molt. The 
four labial papillae almost invisible even from a face view. The amphids lie close 
to oral opening. Four large glands are prominent feature of head region. Spear 
12/* to 14/* long, slender, with short ventrally located aperture. Knobs of the 
spear vary from obscure to distinct. Lumen of esophagus can be traced only a 
snort distance from the spear. A series of 15 to 18 pairs of conspicuous lateral 
structures distributed throughout the body. Vulva a broad transverse slit. 
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Three glands lie opposite vulva, causing constriction of the organs. Anus and 
rectum absent. Ovary extending forward about three-fourths the length of 
body, then reflexed a distance equal to 1 to 2 body widths. Oviparous. Females 
generally burst when removed from the host (fig. 2). 

Diagnosis , — Oviparous Aphelenchulus with dorsally bent body bearing a 
prominent, upright terminal “horn.^' A series of 15 to 18 pairs of conspicuous 
lateral structures distributed throughout the body. Parasitic in the body of 
Dendrocionus monticolae* 

NEMIC ECTOPARASITES AND ASSOCIATES OF THE MOUNTAIN 

PINE BEETLE 

Three nemic species, Aphelenchoides latus, A, tenuidensy and Pan- 
agrodontus deniatw, were found living under the elytra of the beetles. 
In all instances only the larvae were found in this position, the adults 



Figure 2.~-~Aphelenchulu8 reverms (female). Af Anterior end- on, Siiear; gl U), 2 of 4 glands near liead 
X SOO. B, Posterior end* d ut, Cell of uterus; vag, vagina; lat nir, lateral structure; int, intestine; viv, 
vulva. X 400. C, Female: on, Spear; lat dr, lateral structure; fix ov, flexure of ovary; trm ov, terminus 
of ovary; ov, egg; ut, uterus; vlv, vulva. X 100. 

living in the frass. It would seena that such ectoparasitisin could 
cause but little injury or inconvenience to the host and that the prin- 
cipal purpose is to assure transportation to new locations when the 
beetles abandon dying trees. 

Recent borings contained fewer nemic species than did the older 
ones, a fact which indicates that some species may be carried by sec- 
ondary insects (Staphylinidae, Tenebrionidae, Ipidae, Histeridae, 
etc.) which invade the bark soon after the trees are attacked by the 
mountain pine beetle. 

ANGUILLULINA PINOPHILA, N. SP. 

AnguUlulina pinophila (fig. 3) appeared in every collection made, 
usually in large numbers. It was the only species found in many trees, 
especially those in which the beetles had recently become established. 
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Typically plant parasitic in appearance, it apparently lives only in 
the tunnels, the lining cells of which are the most proWble source of 
food. Because of the instability of the frass, a spear-bearing nema 
would experience difficulty in feeding upon it. None of these nemas 
was found in the bark or in soil about the bases of trees adjacent to 
those infested with beetles, indicating that the nemas are entirely 
dependent upon the beetles for transportation. 

Anguillulina pinophUa is closely related to A. major (Fuchs, 1915) 
new comb, (synonym, Tylenchus major Fuchs, 1915),“ from which it 
differs because of its narrower, more definitely set-off Up region and 
coarser striae. In some respects it resembles A. dipsaci (Kiihn, 1858) 
Gerv. and V. Ben., 1859; A. dendrophila (Marcinowski, 1909) Goodey, 



1932; and A. radicicola (Greeff, 1872) Goodoy, 1932. It differs from 
these species in the form of the Up region and male tail. 


M easuremenis . — 
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Size rather variable, females usually considerably larger than males. Cuticle 
finely striated. Wing area smooth and refractive. Lip region rather flat, almost 
twice as wide as high, set off by a slight constriction. Spear a little longer than 
width of lip region, with small, though definite, basal swellings. Esophagus 
typical, median bulb one-half to two-thirds as wide as neck. Vulva a deep trans- 
verse slit. Ovary outstretched, variable in length, sometimes reaching median 
bulb of esophagus. Posterior uterine branch reaching one-half to three-fourths 
the distance to anus. Females approaching senility occasionally oviparous. 
Testis outstretched. Spicula three-fourths as long as tail, most arcuate in distal 
half. Gubernaculum thin, flat, arcuate, about one-fourth as long as spicula. 


• Fuchs, O, dik natitrgeschichtk pkb nkmatoden und einioer anderer parasiten. i. dbs ips 
TYPOORAPHUS L. 2. DBS HYLOB1U8 ABiETis h. Zool. Jahrb., Abt. System., Geogr. u. Biol. Tiere 88: 
[1091-222, illus. 1015. 

f The letter W, occasionally used in formulas, denotes the widest portion of the body. 
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Female tail 2 to 3 times as long as anal body diameter, usually rather uniformly 
conoid to small rounded terminus. Phasmids a little posterior to middle of tail. 
Distance between vulva and anus variable. Male tail ventrally arcuate, uniform- 
ly conoid to |:>ointed terminus. Bursa enveloping tail from terminus to a point 
Opposite proximal ends of spicula. 

magnosis, — Anguillulina of plant parasitic type from tunnels of mountain pine 
beetle. Lip region truncated, almost twice as wide as hi^h, set off by a slight 
constriction. Spear slightly longer than width of lip region, with small basal 
swellings. Spicula three-fourths as long as tail. Bursa completely enveloping 
tail. Measurements as given above. 


ANGUILLULINA MAGNICAUDA, N. SP. 

A single female of Anguillulina magnicauda was found associated 
with A. pinophila in beetle frass from a tree in the Horse Creek 
district. The specimen is so outstanding in its characteristics that 
it appears justifiable to base a now species upon it (fig. 4). 



FiriURE 4. Anguillulina magnicauda: A, Head. X 800. B, Female tail, lateral view, al (S), Wings; 
phas, phasmid. X 800. C, Terminus of female tail, ventral view: p/las, Phasmid; al cren, crenation of 
wings. X 800. 


Meas uremenis . — 

3.2 13. 19. W60.17 914 

1. 4 2. 8 3. 1 3. 2. 4 ^ 

Body almost cylindrical, attaining greatest width at base of esophagus. Ante- 
riorly it tapers moderately until lip region is one-half width of neck at nerve ring. 
Terminus about hemispherical. Cuticle marked by coarse striae that may, 
especially on tail, be traced across the wing area. Three wings slightly crenate; 
wing area occupying about one-third the body width, marked by four refractive 
lines. Lip region continuous with neck contour, marked by fine striae. Minute 
amphids and labial papillae visible even from lateral view. Labial framework 
yellow, massive. Spear length about twice width of lip region, basal bulbs 
strongly developed. The two sections of spear unusually well differentiated. 
Median esophageal bulb ovate, half as wide as the neck. Posterior esophageal 
bulb very definitely differentiated from intestine. Excretory pore ^posite 
middle of posterior bulb. Intestine with variable-sized granules. Rectum 
shorter than anal body diameter. Anus distinct. Vulva a deep^ transverse slit. 
Vagina extending half way across the body. Amphidelphic ovaries symmetrical, 
outstretched. Although specimen was well developed, no sperms visible in uterus. 
Tail almost cylindrical to hemispherical terminus, 2% times as long as anal body 
diameter. Unusually large portion of terminus hyaline, the “core ” only partially 
filling it. Phasmids prominent, in profile appearing as distinct pockets with 
fibrous inner connections leading to the lateral cords. 
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Diagnosis, — Anguillulina with rather cylindrical body, practically straight 
when killed by gradual heat. Lip rejfion continuous with body contour, half as 
wide as neck at the nerve ring. Labial framework yellow, massive. Spear with 
huge basal knobs, its length twice the width of lip region. Two ovaries out- 
stretched, symmetrical. Tail almost cylindrical, 2^2 times as long as anal body 
diameter. 

Relationships, — Most closely related to Anguillulina macrura Goodey, from 
which it differs in its much wider lip region, more massive spear, and longer tail. 
The spear, yellow labial framework, and coarse striae of the cuticle similar to 
those of IloplolaimuSj but lip region not set off and spear knobs not dentate. 

APHELENCHOIDES BRACHYCEPHALUS, N. SP. 

Small numbers of Aphelenchoides hrachycephalus (fig. 5, -A, i?, C, D) 
were found living in the frass and tunnels of the bark beetle. Among 



Figure H.-A-D. Aphelefichoides hrachycephalun. A, Head, face view: amph, Ainphld; lb ppl. ( 4 ), labial 
iiapillae X 665. B, Anterior end. X 666. C, Female tail. X 665. B, Male tail X 665. E-0, 

Aphelenchoides talonus, E, Male tail. X 605. F, Female tail. X 686. O, Anterior end. X 666. 


the Aphelenchoides, A. brachycephalns is outstanding because of its 
broadly expanded, disklike lip region and long, wide spear. The 
aperture of the spear is easily observed in this species, and it is located 
ventrally as in other species of Aphelenchoides and in Anguillulina, 
Hoplolaimus, and related genera. In fact, this feature is a distinctive, 
previously unrecorded character separating the Anguillulinidae from 
the Dorylaimidae in which the spear aperture is dorsal. 


Measurements . — 

2.5 11. 12. 76.12 94. 

1.3 2.5 2.(5 3. 1.7 

2.5 10. 11. 25 M 95. 

2 . 1 2 . 2 2 . 8 


0.8-1 mm 


1.3 


2 . 


0. 8-1 mm 
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Cuticle finely annulated, about 17 striae lying between the lips and a point 
opposite the base of the spear. Anteriorly body tapers much less than in other 
species to the broadly expanded lip region, which is five-eighths as wide as the 
neck at the bulb. Body ventrally contracted at vulva. Female tail three times 
as long as anal body diameter, tapering gradually to the abruptly conoid, mucro- 
nate terminus. Male tail somewhat shorter than that of female and more 
definitely mucronate. Face view reveals lateral lips to be much larger than the 
submedian. Amphids located slightly ventro-submedially on the lateral lips. 
The four labial papillae shifted dorsally and ventrally. Spear almost twice as 
long as width of lip region with distinct joint near middle, the aperture occupying 
one-half of the anterior portion. Anterior portion of esophagus short, only 
times spear length. Bulb slightly ovate, three-fourths as wide as body cavity, its 
musculature indistinct. Nerve ring located about one bulb width behind bulb. 
Excretory pore near nerve ring. Granules of intestine beginning just back of 
nerve ring. Ovary outstretched. Eggs twice as long as body width, and as thick 
as body cavity. Posterior uterine branch extending one-hali to three-fourths the 
distance to the anus. Testis outstretched. Spicula two-fifths as wide as body, 
arcurate on dorsal side, ventrally consisting of a slender flexible element. Only 
two pairs of submedian papillae observed, one pair near middle of tail, other 
slightly preanal. 

Diagnosis — Aphelenchoides with lit) region five-eighths as wide as neck at bulb. 
Spear one-sixth as wide and almost twice as long as width of lip region, the 
aperture occupying one-half of its anterior portion. Body ventrally contracted 
at vulva. Spicula arcuate on dorsal side, ventrally a flexible element. Tails of 
both sexes usually mucronate. Associate of mountain pine beetle. 


APHELENCHOIDES TALONUS. N. SP. 

Many specimens of Aphelenchoides talonus appeared in practically 
all collections. The female is inconspicuous when compared to the 
male with his mitten-shaped^' spicula and striking, talonlike ter- 
minus (fig. 5, Ky F, (7). 

Measurements . — 

1.4 10. 12. ^73.^^ 96. 

0.7 ■ 2. 2.1 3. ~ r.5 

1.4 9. 10. 75 M 98. 

0.7 1.9 2. 2.1 2. 


0.8 mm 
0.8 mm 


Anteriorly body is slightly convex-conoid to the amalgamated, truncate, defi- 
nitely set-off lip region, which is one-third as wide as the neck at the bulb. 
Female tail convex-conoid to the blunt, rounded terminus, which bears no mucro. 
Male tail ventrally arcuate, ending in cuticular, talonlike terminus. Spear 
slender, without basal knobs, its length equal to twice tlie width of the lip region. 
Vulva with slightly elevated labia. Ovary extending forward, then reflexed a 
short distance. Posterior uterine branch reaching three-fourths the way to the 
anus. Eggs 2 to 2J^ times as long as body width. Testis reflexed a short distance. 
Diagnosis. — Aphelenchoides with above measurements. Male with ‘^mitten- 
shaped” spicula and cuticular talonlike terminus. Female tail conoid to the 
blunt rounded terminus, which bears no mucro. Lip region amalgamated, defi- 
nitely set off. Spear without basal knobs, its length equal to twice width of lip 
region. Associate of mountain pine beetle. 


APHELENCHOIDES TENUIDBNS, N. SP. 

Many larvae of Aphelenchoides tenuidens (fig. 6) held together in 
masses of cocoonlike material were found under the elytra of several 
beetles. Large numbers of the adults were in the bodies of dead 
beetles and in the frass from the tuimels. In no instance were they 
found within the bodies of living insects. 


Measurements . — 

2.1 11. 13. «» 75. » 96. 

1. 2.1 2.3 2.7 1.7 

2.2 12. 14. «7 M 94.5 

1.1 2.2 2.3 2.6 


0.8 mm 


2.2 


0.76 mm 
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Body tapering rapidly anteriorly, the width at esophageal bulb being 2}i times 
that of lip region. Female tail 3 times as long as anal body diameter, slightly 
convex-conoid to the abruptly conoid terminus, which does not bear a distinct 
mucro. Male tail slightly bent ventrally, terminus mucronate. Four pairs of 
submedian papillae present, 2 pairs preanal and 2 caudal (fig. 6, C). Spicula 
about two-fifths as wide as body, arcuate in distal half, proximally almost straight 
on dorsal side; ventral side fiexible when spicula are extruded (fig. 6, D). ^ 

The distinct striations of the cuticle interrupted laterally by a wing area, which 
near middle of nema is about one-eighth as wide as body. Lip region amalga- 
mated, caplike, set off by constriction. Vestibule well cuticularized. Spear very 
slender, its length almost twice the width of lip region, with obscure basal swell- 
ings. In living specimens distinct joint observed near middle of spear. Esophag- 
eal bulb ovate, with strong musculature, a little more than half as wide as neck: 
Nerve ring one bulb length behind 

bulb. Excretory pore slightly back of Yvt'wi 'l ‘ \ 

nerve ring. Intestines densely gran- /. J l v\ \ \ 

ular. Ovary outstretched, some- / | I \\] \\ V a 

times almost reaching esophagus. || 1 \V\ \\ u a 

Posterior uterine branch reaching iP A \i \\ \\\ \\ u 

one-half to three-fourths the dis- 1 \\ ])r ' \ 

tance to anus. Eggs half as wide ;,ii j 1 ' 

as body; 2 times as long as wide. i'l| 1 '■ * 

Testis usually outstretched, occa- ^ ' 'iljl l'- i 

sionally reflexed a short distance. * ij' j ' l|,: j 1 \' / 

Diagnosis . — A pkelenchoides.-^ ji'i ^ 'I *' I ^ y 

Spear twice as long as width of lip . j i| - Ii' )| A j 

region, with obscure basal swellings. 'j! |i| }l ' / 

Male terminus with mucro, female n ] III 't ! / 

terminus without mucro. Spicula ■ r'jl :: fi 

two-fifths as wide as body, proxi- /i. \ D r ;T * C 

mally almost straight on dorsal side, (!’!{- ^ ^ ^ ^ 

ventrally slender, flexible. Male V 5' / i li 

caudal paT)illae arranged as shown 
in figure 6, C. Associate of iroiin- f f 

tain i)ine beetle. . : z. \\ ^rK 

APHELENCHOIDES LATUS, N. SP. ’ ; I ! (pLy 

Aphelenchoides latus (fig. 7) ^ 

is very closely related to Aphe- ' ' , jj 

lenchoides rnacrogaster (Fuchs, A \ I D 

1915) new comb, (synonym, I | 

Tylenchus rnacrogaster Fuchs, 1/ 

1915),* from which it differs ^ 

principally in the narrower lip 

region and more conoid tails. Male tail. X ees. ASpicula partly extruded. X666. 


Measuremenis . — 


16. 1 9 . W *°80. 

4.4 4,5 5.5 5. 

18. 21. « M 92.3 

4.4 4.5 5. 3.7 


0.4 mm 


0.4 mm 


Body short, unusually broad for an AphelenchoideSt tapering anteriorly uptil 
lip region is about two-fifths as wide as the neck at the bulb. Wing area marked 
by four lines. Annulation broad, obscure. Body slightly contracted ventrally 
at vulva. Female tail slightly arcuate, conoid to pointed termirm^ Male mil 
ventrally arcuate, conoid to pointed terminus. Lip region set off by slight de- 
pression, lips obscure. Spear with well-developed basal knobs. Esophag^l 
bulb veiw large. Hyaline esophagus extends back from bulb unusually long dis- 
tance before merging with intestine (fig. 7, A), Excretory pore located about 
opposite first granules of intestine. Granules of intestine and body generally 
large. Vulva a depressed transverse slit, anterior lip overlapping. Vagina at 

• Fuchs, G. See footnote 6, 
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first extending in and forward, then bent to nearly right angles with body axis. 
Ovary outstretched. Posterior uterine branch extending almost to rectum. 
Female rectum and anus inconspicuous. Two pairs of conspicuous, conical male 
papillae, one slightly preanal and other at beginning of distal third of tail. Spicula 
elongate, mitten-shaped, cephalated (fig. 7, B). Sex ratio, about eight females 
to each male. 

Diagnosis, — Aphelenchoides of small size, and broad body with above measure- 
ments. Spear with basal knobs. Esophageal bulb comparatively massive. 
Intestinal granules beginning almost two body-widths behind bulb. Excretory 

g ore about opposite anterior end of intestine. Body slightly contracted at vulva. 

picula elongate mitten-shaped. Tail of female slightly arcuate, that of male 
conspicuously arcuate. Terminus acute. Beneath elytra and in tunnels of 
mountain pine beetle. 


DIPLOGASTER PINICOLA, N. SP. 

Divlogaster pinicola (fig. 8) was present in limited numbers, which 
may nave been due to the fact that many individuals were suffering 



Fiquee 7.— Aphelenchoides lafus. A, Anterior end: p ex, Excretory pore. X 800. B, Male tail. X 800 
C, Posterior portion of femole. X 800. 


from a cutaneous affection, apparently bacterial, causing blisterlike 
elevations on the head and neck. The dentition indicates that the 
species may be predaceous, but identifiable food particles were not 
present in the intestine. The species closely resembles Dijjlogaster 
bvtschlii Fuchs, 1915, from which it differs in possessing longitudinal 
striations of the cuticle and in the pattern of the cuticular markings. 


Measurements . — 

0. 6 9. 14 20 51. 22 93. 4 

1. 5 2. 4 2. 7 3. 9 1. 9 

0. 8 12. 16. 02 M 93. 6 

1.2 2. 2.4 3.2 2.8 


1.3 mm 
1.1 mm 


Body moderately slender, tapering anteriorly until width near lip region is about 
one-half that at base of neck. Female tail convex-conoid to acute terminus, its 
length about 2^ times anal body diameter. Male tail ventrally arcuate, convex- 
conoid with ^icate terminus. Cuticle marked by fine transverse and longitudi- 
nal striae. Longitudinal striae low, obscure (fig. 8, B), about 44 at mid body, 
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decreasing in number toward the extremities. Viewed laterally these longitudinal 
striae present double rows of refractive, dotlike markings where they cross the 
transverse striae (fig. 8, C) . Lip region rounded, with six forward-pointing, conical 
papillae. Amphids appear as minute oval markings close to the lateral papillae. 
Pharynx obscurely hexagonal from a face view; viewed laterally it presents two 
distinct chambers (fig. 8, D) bearing a central, massive, arcuate, dorsal tooth. 
Anterior portion of esophagus four-fifths as long as posterior but broader and more 
muscular (fig. 8, A), Excretory pore a short distance posterior to nerve ring. 
Intestine densely granular, its lumen sinuous. Ovaries reflexed past vulva. 
Vulva a transverse slit with protuberant labia. Testis single, reflexed. Spicula 
yellow, arcuate, slightly cephalated. Gubernaculum thick proximally, with a 



Figure S.—Diplogaster pinieola: A, Anterior end. X 500 B, Cross section through three longitudinal 
striae of cuticle. X 2,000. C, Pattern formed by dotlike markings of cuticle. X 2,000. D, Head, 
X 1,000. A’, Male tail. X 600. F, Female tail. X 500. 

thin troughlike distal extension in which the spicula glide. Eight pairs of male 
caudal papUlae (fig. 8, E) . . , 

Diagnosis. — Divlogaster with the above measurements. Longitudinal striae 
44 at mid body, low, obscure, their presence indicated by double rows of refrac- 
tive dots. Tails of both sexes less than 7 percent of body length. Six labial 
papillae, forward-pointing, conical. Pharynx divided into two chambers, armed 
with single, massive, arcuate dorsal onchium. Female amphidelphic, ovaries 
reflexed past vulva. Spicula arcuate, cephalated. Gubernaculum thick prox- 
imally with thin troughlike distal extension. Eight pairs of male caudal papillae 
(fig. 8, E). From frass and tunnels of mountain pine beetle. 

RHABDITIS OBTUSA FUCHS, 1915 

Hundreds of the nenia Rhabditis obtusa (fig. 9) were found in a 
single tree in which “«our sap*' had followed beetle infestation. 
Fuchs ® described varieties of B, obtusa based principally on the bursal 


• Fuchs, B. See footnote 6. 
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fonnula. This character was variable on the specimens examined 
and definite varieties could not be determined. In fact, it is doubtful 
whether the varieties proposed by Fuchs are as definite as he thought 
them to be. 


Mectaurementa , — 


2. 3 13. 20. 

2. i 3. 3. 6 

2. 6 14. 22. 

2.''2 2. 7 3. 3 


W m95. 

4. 4. 

«o M 96. 6 


3. 4 3. 3 


0.8— 1.1mm 
- 0. 6—0. 8 mm 


Bodies of both sexes almost cylindrical between esophagus and genital opening. 
Neck tapering uniformly to lip region, which is about one-third as wide as base of 
neck. Female tail short, bluntly conoid. Vulva exceedingly far back (fig. 9, A). 
Striae about 1^ wide at mid body, slightly wider near head. Lip region almost 
continuous with neck contour. Six conical, forward-pointing, labial papillae 
were visible but other details of head were always obscured by clinging debris. 
Amphids minute. Pharynx about three times as deep as wide. Cheilorhabdions 
and protorhabdions slightly convex. Telostom absent. Esophagus: Corpus 



cylindrical; medial bulb slightly wider than corpus; isthmus same length as corpus 
and half as wide; terminal b\iib ovate, two-thirds as wide as neck. Nerve ring 
midway of isthmus, fixeretory pore slightly posterior to nerve ring. Female 
prodelphic. Vulva elevated. Vagina extending almost straight forward. 
Uterus one-third as long as body. Ovary extending forward from uterus, then 
reflexed until the blind end reaches onc-haJf to three-fourths the distance back to 
the vulva. Posterior uterine branch absent. Testis single, extending nearly to 
esophagus, then reflexed a short distance. Spicula and gubernaculum as shown in 
figure 9, C, Bursa enveloping the tail, with 2 pairs of preanal ribs, then 3 pairs 
grouped close together just posterior to anus, followed by 4, rarely 3 or 6, pairs; 
general bursal formula being 2()3, 1, 1, 2. 

The species differs from Rhabditis lamhdiensu Maupas in its 
slenderer body, continuous lip region, absence of telostom, form of 
spicula and gubernaculum, bursal formula, and bluntly conoid female 
tail. It is distinguished from R. monhystera Biitschli by the bluntly 
conoid female tail, by the short male tail enveloped by the bursa, and 
by the bursal formula. 

PANAGRODONTUS, N. G. 

Diagnoaia, — Cephalobidae. Cephaloboid nemas bearing a flat toothlike pro- 
jection on the dorsal prorhabdion, which may be opposed by submedian onchia. 
Lips three, duplex. Amphids minute. Corpus of esophagus broad, cylindrical. 
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Ovary single, extending forward from the vulva, then reflexed far posterior to it, 
lacking the double flexure found in Acrohelea and Cephalohusy the blind end 
usually reaching the rectum and frequently extending past the anus into the tail. 
Testis single, terminal portion reflexed. Spicula equal, arcuate, cephalated. 
Gubernaculum present. 

Type species, — Panagrodontus deniaius, n. sp. 

Panagrodontus differs from other Cephalobidae in possessing a dorsal pharyn- 
geal onchium which sometimes is opposed by submedian onchia. 


PANAGRODONTUS DENTATUS, N. G., N. SP. 


Measurements . — 


1.6 12. 20. W 30 59 .ii 0 90 . 

1.9 4.2 4.6 5.6 4.9 3. 


0.6 mm 


1.3 11. 18. «« M 90. 

i.6 3.6 “ 4.2 4.2 3.6 


0.6 mm 


Body tapering both ways from near middle. Tails of both sexes at first 
dorsally convex-conoid, then convex, ending in a somewhat spicate terminus which 
occupies one-third to one-half of the total tail length. Transverse striae moder- 



Figurk lO.-PanagrodorUu8 dentatua. A, Male tail. X 600. Head, lateral view: 
prtoatt protostom; maord, mesorhabdion; amph, amphid; on, tooth. X 1,000. C, Head, 

Araphid; on, tooth; ptird, protorhabdion. X 2,000. I>. Female tail: trm ov, Terminus of ovary. X 600. 


ately fine. Wings two, obscure, the area about one-eighth as wide as body near 
the 'middle. Lip region rounded, continuous with neck contour. Lips three, 
duplex, the two sub ventral being somewhat asymmetrical. Amphids minute. 
Pharvnx:‘« Cheilostom obscure, hexagonal when seen in face view; protostom 
triquetrous; dorsal mesorhabdion bearing a flat toothlike plate about 2/* long 
opposed by a niche formed by the submedian mesorhabdions and metarhabdions. 
Esophagus: Corpus cylindrical, at first almost filling bocly cavity; isthmus about 
equal in length to corpus; bulb half as wide as neck with conspicuous valvular 
apparatus. Intestinal walls at first thin then gradually becoming much thicker 
with a corresponding narrowing of the lumen. Vulva a transverse slit with 
elevated labia. Posterior uterine branch rudimentary , its length equal to 1 or 2 
body-widths. Ovary extending forward, then reflexed and outstretched, the 
terminus reaching the rectum or, frequently, extending into the tail. Average 
size of eggs 20m X 60m. Testis single, the terminal portion reflexed, Spicula, 
gubernaculum, and male caudal papillae as shown in figure 10, A. 

Diagnosis, — Panagrodontus with above measurement. Pharynx armed with 
a single tooth located on the dorsal mesorhabdion. Tails of sexes similar, at 
first dorsally convex-conoid, then convex, ending in a somewhat spicate terminus. 
Spicula, gubernaculum, and male caudal papillae as shown in figure 10, A, 
Associate of mountain pine beetle. 

>0STEINSR,G. nomenclature or pharyngeal plates in THB N^ATODB CYLINDROQASTER LONOI 8 TOM a 
(STBFAN 8EI) QOODEY, AND ITS RELATIONSHIP. JOUT. Pwasitol. 20: 60. 1933. 
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SUMMARY 

A brief historical discussion of the mountain pine beetle in Utah is 
given. 

A new nemic endoparasite, Aphelenchvlus reversus, is described and 
its life history partially outlined. 

Eight ectoparasites and associates new to science are described: 
AnguMuHna, pinophUa, A. magnicauda, Aphelenchoides brachyce- 
phalus, A, talonus, A. tenuidens, A, lotus, Panagrodontus dentaius, 
and Diplogaster ^inicola. 

New information is given concerning Rhahditis obiusa Fuchs, 1915. 

Phases of the life histories and habits of these nemas are discussed. 

A diagnosis of the new genus Panagrodontus is made. 



STUDIES ON THE VARIABILITY OF PATHOGENICITY 
AND CULTURAL CHARACTERS OF GIBBERELLA 
SAUBINETII ‘ 

By Arnold J. Ullstbup “ 

Research associate in plant pathology, Wisconsin Agricultural Experiment Station, 
and formerly agent, Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

Variability in pathogenicity and cultural characters in the fungus 
Gibberella saubinetii (Mont.) Sacc. was brought to the attention of 
the writer during the course of an investigation on tlie influence of 
soil temperature upon the development of seedling blight in barley 
(Ilordeurn vvilgare L.) caused by this organism. As a result of these 
observations the present investigation was directed towanl deter- 
mining the nature, frequency, and magnitude of the apparent varia- 
bility in G, saubinetii, particularly with respect to pathogenicity and 
cultural characters. 

MATERIAL AND METHODS 

Perithecia of Gibberella saubinetii collected by the writer in the 
summer of 1933 from barley fields in Illinois, Iowa, and Minnesota 
furnished the material on which this study was based. All cultures 
used were grown from ascospores isolated in sets of 8, each set com- 
prising the 8 ascospores from a single ascus. Each subseciuent sub- 
culture, however, was derived from a single conidium unless other- 
wise indicated. Ascospores, rather than conidia, were selected as 
starting points because, theoretically, the ascospores sliould be 
homocaryotic, whereas the conidia may or may not be in that condi- 
tion. Granting the possibility of the existence of nuclei of different 
genetic constitution, a random assortment of nuclei by virtue of the 
frequently occurring phenomenon of anastomosis would not preclude 
the possibility of conidia of different nuclear make-up. 

The procedure employed in the isolation of the ascospores was to 
strip off a bit of the epidermis of a cornstalk bearing the perithecia 
and wash it in several 'changes of sterile distilled water. Then it was 
placed in a sterile Petri dish and the excess water allowed to evaporate. 
The dish with cover removed was placed under a dissecting micro- 
scope and an individual perithecium was picked off with a small 
flattened needle and placed in a drop of distilled water on a flamed 
microscope slide. The perithecium was then crushed between the 
slide and a flamed cover slip. The asci and spores thus removed 

‘ Received for publication May 2, 1935; issued September, 1935 Cooperative investigations by the 
Wisconsin Agricultural Exjierinient Station and the Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, U. S. Department of Agriculture. 

* The writer acknowledges his indebtedness to J. (3. Dickson, professor of plant pathology, Wisconsin 
Agricultural Experiment Station, under whose direction this work was undertaken, and to J. C Walker, 
professor of plant pathology, Wisconsin Agricultural Experiment Station, and Helen Johann, associate 
patholo^st, Division of Cereal Crops and Diseases, Bureau of Plant Industry, IJ. S Department of Agri- 
culture, for helpful criticism of the manuscript. 
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from the confines of the fruiting body were observed under the 
microscope to determine their stage of maturity. Experience has 
shown that apparently there is a rather definite stage in the develop- 
ment of the asci and ascospores before or after wliich succe^ful 
isolation of a set of eight spores from a single ascus is impossible. 
If the spores are immature, although they may be well defined within 
the ascus, they are difficult to remove. Furthermore, germination 
of the spores either does not take place or is at best very weak. If, 
on the other hand, the contents of the perithecium have advanced 
beyond the desirable stage of development, the spores are liberated 
from the ascus while the latter is still within the perithecium, thus 
making it impossible to isolate the spores with regard to the ascus in 
which they were borne. 

Spores and asci that had attained the proper stage of maturity, 
as (letermined by observation, were picked up with a fine wire loop 
along with the water in which they were suspended, and the sus- 
pension was streaked over the surface of hard 4-perccnt water agar 
contained in Petri dishes. After about 5 hours’ incubation at 24° C., 
the spores within the asci showed germ tubes, approximately one-half 
the length of the spore, protruding through the ascus wall. With the 
aid of the low power of the microscope the locations of asci bearing 
eight germinating ascospores were marked by scarifying the surface 
of the agar adjacent to each ascus. When a sufficient number of 
asci had thus been located, the agar plate was placed under a dissect- 
ing microscope, and each ascus was moved across the surface of the 
agar to an area free from spores and fragments of the perithecial 
wall. With the asci thus removed from extraneous material and 
separated at sufficient distances from each other, tlie spores were 
“teased” out of each ascus and separated from one another at con- 
venient distances within the field of vision. All manipulations, 
including the separation of the asci from spores and other material 
and the removal of spores from the asci, were done by hand with the 
aid of a sterilized fine glass wire 2/i to 3jti in diameter and bent to fonn 
a r^ht angle or semiloop. After the spores were removed from the 
asci and separated from one another they were examined under the 
microscope and then allowed to continue germination for a period of 
about 3 hours. By means of a small loop cutter 0.5 mm in diameter, 
a cylinder of agar was cut around each spore and the entire piece of 
agar with the spore on its surface was lifted out and placed in the 
center of a Petri dish containing hard potato-dextrose agar. Each 
plate was placed under a miscrosope and again examined to make 
certain that only a single ascospore had been transferred. 

Hyphal-tip cultures were obtained by the same general method as 
that just described for single ascosporic cultures. After the eight 
spores from a single ascus had been separated from one another, they 
were allowed to continue germination until the germ tubes were 5 to 
6 times the length of the spore. By means of a fine sterilized glass 
needle a light scratch was made across the tip of the germ tube, back 
of a septum, severing it from the spore proper. The free hyphol tip 
was picked up and placed in the center of a Petri dish containing 
hard potato-dextrose agar. Two hyphal tips were thus cut off from 
each spore and grown in separate Petri dishes. 
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A system of numbering was devised whereby the cultures and cul- 
ture sets just described could be designated. In this system a number 
was given to each culture that would indicate the State, the location 
in the State where the collection was made, the perithecium, the ascus 
from which the eight spores were isolated, and finally the single asco- 
spores or hyphaJ tip from which tlie culture was grown. In table 1 
are given the culture sets used, together with the location where the 
original perithecial material was collected and the date on which the 
isolation was made. 

Table 1. — Cultures used in the investigations reported in this paper ^ together with 
the origin of the perithecial material and the date of isolation 


Culture no. 

Origin of perithecial 
material 

Date of 
isolation 

Culture no. 

Origin of peritliecial 
material 

Date of 
isolation 

111. 111-1 to 7 

111. 121-H.T‘ 

111. 132-H T 

Iowa 11 1-1 to 8 

Iowa 211-1 to 8 

Iowa 221-1 to8.„.j 

Mineral, 111 

.-do 

Calumet, Iowa 

West Liberty, Iowa. 
do 

im 
July 14 
Do. 

Oct. 15 
July 14 
July 28 
Oct. 15 

Minn. 111-1 tog... 
Minn. 112-U. T.._ 
Minn. 211-1 to 8... 
Minn. 212-1 to 8- . 

Olivia, Minn 

.. --do 

Alpha, Minn 

im 

July 17 
1)0. 

Nov. 2 
Do. 


1 Ilyphal tip 


CULTURAL STUDIES 


In order to obtain some information as to the range, type, and 
factors influencing variability in cultural characters, four different 
experiments were set up. In these experiments potato-dextrose agar 
and a modification of Brownes agar were used. Each subculture 
studied was grown from a single conidium unless otherwise indicated. 
Isolations of single conidia were made by streaking a spore suspension 
over the surface of hard agar and allowing the spores to germinate. 
After germination had commenced tlic spores were picked up singly 
and placed on the ])tu*ticular agar medium on wliich they were to be 
grown. The quantity of agar used in the Petri dishes m which the 
single-spore colonies were grown was approximately 20 cc. The 
colonies were allowed to develop in tlie dark at room temperature, 
which varied between 21® and 23® C. At the end of 5 days, except 
in case of first isolation, descriptive notes were taken on each culture 
with respect to color, type of growth, diameter of colony, type of 
margin, and the expression of zonation and radiation. Although it 
is admitted that descriptive notes do not adequately convey a picture 
of the real differences and changes that occurred in the cultures, 
nevertheless, such notes, together with photographs, are of value in 
recording the major variations in cultural behavior. 

The following is a brief description of the original colonies grown 
at room temperature for a period of 4 days: 

Color of colony, pomegranate purple ^ concentrated in a central area 2 to 3 cm 
in diameter and gradually fading to white toward the edge of the colony. 
mycelium abundant, extending over the entire colony, and of a ^‘^ttony textu . 
Margin of colony, generally regular and entire. No pronounced zonation 
radiation detectable. Colony diameter, 8 cm. 


» Hidgway, R. color standards and nomenclature. 43 pp., Ulus. Washington, D, C, 1912 
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The foregoing description applies to all of the original isolates, 
whether grown from ascospores or hyphal tips (figs. 1 and 2) and 
regardless of their geographical origin. These isolates constitute a 



c 7 d 


Fiuukk 1.— Eight single ascosporic colonies at 4 days of age, grown from the eight ascospores of a single 

ascus. 

type always encountered on first isolation and referred to in this 
paper as “type A.” 



FiauBE 2.— Four pairs of hyphal-tlp colonies at 4 days of age. The two members of a pair were 

grown, respectively, from hyphal tips arising from opposite ends of a germinating asoosiiore. 

EXPERIMENT 1 

Experiment 1 was designed to study the effect of the medium and 
the cultural technic on the changes in cultural characters. Eight 
single ascosporic cultures from an individual ascus were employed in 
the experiment. The eight original colonies were strikingly similar in 
appearance (fig. 1). Duplicate mass transfers were made from each 
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of the colonies, one transfer to a slant of potato-dextrose agar and the 
other to a slant of modified Brown’s agar. 'Three days^er spore 
suspensions were made in these culture tubes and single conmial 
isolations were made in triplicate from each culture. Part of the spore 
suspension was used to seed fresh slants of agar from which single 
conidial isolations were again made 3 days later. Tliis procedure 
of subculturing from slant cultures that had been transferred every 
3 days was repeated 28 times. 

During the course of the experiment several of the cultures showed 
marked changes in cultural behavior from that of the original 
ascosporic culture. In the cultures propagated on potato-dextrose 
agar, nos. 1, 2, 4, 6, and 7 were strikingly different by the end of the 
experiment, while nos. 3, 5, and 8 remained constant (fig. 3). Of the 
cultures grown on modified Brown’s agar, only no. 7 maintained its 



JhHJKE 3.— Eight Tnonooonidial colonies after having been subcultured 28 times on potato-dextrose agar. 
Originally, these cultures wore all similar in appearance and were derived from the eight ascospores of a 
single ascus. Nos. I, 2, 4, 6, and 7 were strikingly different at end of experiment. Nos. 3, 5, and 
8 remained constant. 

original appearance, the others having changed decidedly in cultural 
behavior (fig. 4). 

It is apparent that the medium on which the cultures were grown 
had no influence in determining the extent and magnitude of variation 
that occurred in cultural characters. Duplicate cultures, each on a 
separate medium, did not behave in a manner that would indicate 
their relationship. If the capacity or tendency of a culture to vary 
in its behavior while growing under artificial conditions is associated 
with its genetic constitution, then it is not unreasonable to expect 
cultures arising from the same original ascosporic colony to behave in 
a similar manner unless irregularities of one sort or another have 
occurred. Under the conditions of the experiment, in which consid- 
erable care was taken to maintain the cultures at a constant environ- 
ment, there seemed to be no uniformity in the changes that the 
cultures underwent, regardless of their origin or the media used. 
The variant cultural types that appeared were generally characterized 
by a slower radial growth rate and a decrease in abundance of aenal 
mycelium. 
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EXPERIMENT 2 

The primary object of experiment 2 was to determine what influence 
the frequency of transfer might have on the cultural behavior of a 
set of eight single ascosporic isolates from the same ascus. 

Duplicate transfers were made from the eight original colonies, 
which were essentially alike in appearance, to slants on modified 
Brownes agar. One of these sets of slant cultures was subsequently 
transfeiTea every 4 days, the other set every 8 days. Each time the 
cultures were transfeiTed single conidial isolations were made in 
triplicate from each isolate. 

During the course of the experiment the majority of isolates 
changed in cultural appearance. There was apparently no difference 
in behavior between the isolates of the group transferred every 4 days 
and those transferred every 8 days. The time elapsing before the 
changes became evident and the extent and the magnitude of these 



Fio URE 4 —Duplicates of colonies shown in figure 3 and originally derived from the same ascus. They were 
subcultured 28 times on modified Brown’s agar. Nos. 1 to 6 and 8 changed in cultural behavior. No. 7 
remained constant. 

changes in cultural typo were essentially the same in both groups. 
The results from this experiment, like those from experiment 1, 
seemed to indicate that changes in cultural characters were not of a 
systematic, genetic nature. 

EXPERIMENT 3 

Studies were made to determine the effect of continued subculturing 
on the stability of a set of eight single ascosporic isolates from an individ- 
ual ascus. In experiment 3 the isolates were propagated only in Petri 
dishes instead of in culture tubes, as in exptyiments 1 and 2. As in 
the other experiments, the original ascosporic colonies were alike in 
cultural appearance. When the ori^al ascosporic colonies were 6 
days old a spore suspension was made in each dish containing a colony, 
and from each, single conidial isolations were made in triplicate. 
Although this procedure was continued for 10 successive conidial 
generations, no changes in cultural behavior became evident. Each 
of the 8 cultures was now transferred to a slant of modified Brown’s 
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apr and subsequent transfers were made every 6 days. At each time 
of transfer smgle comdial isolations were made in triplicate from 
each of the cultures. After the second transfer on agar slants, changes 
in cultural characters began to appear in two of the isolates. The 
variant cultural types were characterized by a reduced growth rate 
and a decrease in aerial mycelium. 

EXPERIMENT 4 

The object of experiment 4 was to determine what effect continued 
subcultunng might have on single cultures. Only 2 cultures were 



O, TYPE-A COLONY 

Figttre 6 . — Diagram of procedure followed in experiment 4 In the use of culture 111. 132-lA. Each circle 
represents a colony of monoconldial origin isolated from a colony of the previous comdial generation. 

studied in detail, namely, 111 . 132-lA and 111 . 132-lB. These were 
hyphal-tip cultures from a single ascospore and, on original isolation, 
were exactly alike in cultural behavior. From each of these 2 origi- 
nal cultiu'es, 10 single conidial isolations were made and plated out 
on hard potato-dextrose agar. After these 20 cultures were 6 days 
old, single conidial isolations were again made from some colonies of 
the previous conidial generation. This procedure was continued for 
more than 16 conidial generations in the culture 111 . 132~1B and 12 
conidial generations in the cultiu*e 111. 132-1 A (figs. 5, 6). 
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In the first conidial generation of culture 111. 132-lB all of the 
10 colonies were alike and similar to the original parent colony, that 



O. TYPE-A CCX.ONY 

®, TYPE'A COUDNY WITH TYPE-BSECTOR 

• , TYPE-B COLONY 

• , TYPE-B COLONY WITH LIGHT SECTOR 
O. TYPE-C COLONY 

a, TYPE-A COLONY WITH TYPE- C SECTOR 

Fioukk 6.— Diagram of procedure used in experiment 4, in which culture 111. 182-lB was employed. 
Each circle represents a colony of monoconidial origin isolated from a colony of the previous conidial 
generation. 

is, type A. In the second conidial generation 5 spores selected from 
one of these colonies produced 5 colonies, 3 of which were alike but 
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differed distinctly from the parent colony in color, rate of growth, and 
type of growth. This cultural type will be referred to as type B. The 
type-B colony, grown at room temperature for a period of 5 days, 
may be descnbed as follows: 

Color of colony, pomegranate purple* in central area 0.5 cm in diameter, 
surrounded bjr yellow olivaceous zone that fades to pale yellow at edge of colony. 
Aerial mycelium scant and extending to 1 cm from edge of colony. Margin 
regular and entire. Color zones as described, radiations in yellow olivaceous 
zone. Diameter of colony, 5 cm. 

The fourth colony was like the parent colony, and the fifth, although 
resembling the parent colony in the main, had a small sector re- 
sembling the type-B colony (fig. 7). Subsequent isolations from 
type- A colonies of this line produced type A, type B, and type A 
with type-B sectors. Further isolations from type-B colonies always 



colony. 


Figure 7. -Five single conidial colonies at 5 days of age, all of which were 

A, Colony of type A; B, B, E, three colonies of type B; C, colony of type A with a type-B sector. 

gave rise to colonies resembling the type-B parent, although fre- 
quently, after the colonies were 5 days old, light-colored sectors 
appeared in some of these type-B colonies. . . i 

The type-A colonies from the other lines remained constant untu 
the twelfth conifUal generation, when one colony produced a type^ 
sector. Isolations from this colony gave rise to colonies of type U, 
type A, and type A with type-C sectors. Subsequ^t type-A colonies 
remained constant, as did the type-C colonies. The followmg is a 
description of the type-C colony: 

Color of colony, spinel pink * in central area surrounded by «^"ow zi^ne of 
pomegranate purple,* which, in turn, was surrounded by a 
which faded gradually to white at edge of colony. Aerial 
extensive, and of a dfense cottony texture. Marpn ^ 

zonation as indicated. Radiations in spmel-pink zone. Diameter of colony, 
6.5 cm. 


4 Ridoway, R. See footnote 3. 
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The culture 111. 132-lA was studied parallel with 111. 132-lB. 
During the course of 12 conidial generations no deviations from the 
original cultural type were found, that is, all colonies were of type A 
throughout the experiment. 

In this experiment, as well as in the experiments reported earlier 
in this paper, the results appear to lend themselves to 1 of 2 possible 
interpretations: (1) Variations in cultural behavior may have been 
the result of a reassortment and somatic segregation of nuclei of 
different potentiaUties that arose tlwough atypical division, or (2) 
they may have residted from a fortuitous change in the arrangement 
and organization of heritable material. The latter interpretation 
appears to be the more tenable, and imtil a detailed and comparative 
cytological study of the variant and normal type ciiltures is made 
the possibility of atypical nuclear divisions and subsequent reassort- 
ment of these nuclei to account for variation can be advanced only 
as a hypothesis. 

It is not surprising that greater variation in cxdtural behavior was 
found in cultures propagated on agar slants than in those carried 
in Petri dishes. On the limited surface of the agar slant these 
variations may take place without being observed; in subsequent 
mass transfers to fresh agar slants a large nuinber of spores and 
mycelial fragments are carried over, some of which may be of one 
or more variant cultural types. Continued transferring may well 
eliminate one or another type until a practically pure culture of a 
particular and distinct appearance is obtained. Where cultures are 
carried in Petri dishes and only relatively few spores are isolated 
from a given colony, the chances of obtainmg a variant type culture 
are considerably reduced even though the variant type may be 
present but imobservable in the parent colony. If a larger number 
of conidia had been isolated from colonies carried in Petri dishes, 
then perhaps greater variation would have been observed. 

PATHOGENICITY STUDIES 

The pathogenicity studies were undertaken not only with the 
object of determining the relative virulence of the various cultures, 
but also with a view to finding a possible correlation between colony 
type and degree of virulence. 

Thep studies were conducted in benches in the greenhouse where 
the soil temperature was maintained between 15° and 18° C. The 
relatively low soil temperature was selected in order to produce a 
sufficient amount of infection to obtain a differential in virulence 
between the cultures. Dickson (9)‘ has already pointed out that 
seedling blight of com, caused by QihbereUa saubinetii, is favored by 
soil temperatures ranging from 8° to 20°, whereas at temperatures 
above 24° no bhghting occurs. No attempt was made to control 
moisture other than to maintain the soil at a moisture content that 
would permit normal growth and development of the seedling. 

Two lines of com, obtained through the department of plant pa- 
thology of the University of Wisconsin and produced by J. R. Holbert 
at Bloomington, 111., were used in the experiments. One line, desig- 
nated as R4, has proved for a period of years very susceptible to 

B Reference is made by numb^ (italic) to Literature Cited, p. 161. 
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seedling blight; while under ^mparable conditions, the other line, 
Brio, has been relatively resistant. The line R4 was used in all 
series of the pathogenicity studies, whereas BrlO was used only in 
series 6 and 7. In all, 45 single isolates, the cultural behavior of 
which had not been followed so much in detail as had those isolates 
used in the section called “Cultural Studies”, were employed in the 
first five series of the es^eriment. Most of these were smgle asco- 
sporic cultures from individual asci; a few of the cultures, however, 
were grown from isolated hyphal tips of germinating ascospores. Origi- 
nally all of these isolates were alike in their cultural behavior; after 
being propagated for a comparatively short time on potato-dextrose 
agar, however, certain variations in their appearance became evident. 
In order to study those variations in greater detail single conidial 
isolations were made of each isolate where this was possible. In 
certain variant types spores were no longer produced and hyphal tips 
were isolated from the mycelium. Descriptive notes and photo- 
graphs of these cultures later proved useful in making correlations 
between colony type and virulence. 

Inoculations wore made by immersing 50-kornel samples of corn m 
a suspension of spores and' mycelial fragments from an individual 
ctilture. Since an extreme variation existed in the sporulation of the 
cultures, ranging from those in which conidia were ve^ abundant to 
those in which none were produced, standardization of the inoculum 
was impossible. Notes on the relative abundance of sporulation of 
each culture were taken to determine whether a correlation existed 
between the abundance of conidia and virulence. After the corn 
kernels had been soaked in a suspension of a single culture for 3 to •> 
minutes they were planted in the soil in the bench at a depth of 1 
inch. Check plantings were immersed in sterile distilled water lor 
the same period of time and planted in the same bench. , v. i 

When the control seedlings, grown from the unmoculated seed, had 
reached the third-leaf stage, which required about 30 days at this 
soil temperature, both the inoculated and unmoculated lots were 
removed from the soil and classified according to the severity ot 
infection. The classes in which the seedlings were placed were as- 
signed arbitrary values ranging from 10 for healthy seedlings o or 
those that failed to emerge because of disease. The mnnber of seed- 
lings in each class was multipUed by the given 
the sum of these values for each class was Jnded 
kernels planted. If the quotient is subtracted from 10, 
value represents the disease index. Thus, a disease 
indicates that all seedling had been k^ed l^fore eme^enc , 
a disease index of 0 indicates that all seedlings em - g 

^^T&sease indices of the cultures for each of the J,y® 
with an average disease index for each culture for Jlifferences 

in table 2. It will be seen at once that there wer®_ 


in table 2. it win oe seen ai. uuw ,7 ' oii_i tn 

in pathogenicity in the cultures.. In the set ®f ^f®« 

oritrinflillv crrown froni tli6 spor68, respect ^ j* ^ 

LurSdCncL^e striLgly 

indict range from 3.17 to 9.75, showmg an extreme difference of b.58. 
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Table 2. — Disease indices of cultures of Oibherella saubinetii used in inoculation 
studies on an inbred strain of corn^ R4 


Disease indices for--' 


Culture no. 

Series 1 

Series 2 

Series 3 

Series 4 

Series 6 

Average 

Individual 

cultures 

for— 

Set of 
cultures 

111. 111-1 

7. 76 

5.64 

4.08 

8.20 

8.40 

6.79 


-2 

3.46 

2.88 

2.68 

6.44 

5.60 

4. 21 


-3 

8.66 

7.92 

6.68 

9. 12 

8. 52 

8. 18 


-4 

4.00 

2.78 

1. 12 

4.92 

2.96 

3. 16 

I 4.66 

-5 

5.38 

4.02 

.86 

2.68 

2.12 

2.99 


-6 

2.82 

1.20 

.88 

2.44 

2.64 

1.97 


-7 

6. 10 

4.30 

2.84 

6.84 

6.48 

6. 31 


III. 121-lA 

9.60 

9.32 

8.66 

10.00 

9. 72 

9. 46 


-IB 

6. 16 

6.60 

3. .56 

7.74 

6. 40 

6.07 


-3A 

6.90 

7.00 

4. 44 

8. 44 

7. 10 

6. 77 




9.62 

9.84 

8 98 

9 96 

9 66 

9.61 


-5A— - 

5 16 

3. 48 

2.48 

6.24 

6.68 

4. 61 


-5B - 

7 34 

6 24 

4.18 

9 24 

8.24 

7.06 


-f)A - — 

1.40 

1.82 

.64 

1.24 

2 96 

1.61 


-6B 

7 12 

.5 66 

6.58 

9 28 

7. 48 

7.22 


Iowa IIM. - 

86 

1 20 

48 

.80 

1.24 

.91 


-2 

6.68 

4 98 

3 00 

6.76 

6. 36 

5 35 


-3 . 

7. 40 

.5 34 

3.82 

8.88 

6 76 

6.44 


-4 

.5 12 

3.72 

2. 72 

6 92 

6 60 

4 61 


../) _ .. 

2 26 

1. 40 

.72 

1.94 

1 40 

1 .54 


-H 

.80 

.66 

.32 

1 84 

1 00 

.92 


-7. 

8.00 

6. 34 

4. 48 

8 34 

7. 72 

6 97 


-8-1 .-''T....'. ■ 

7 10 

7 78 

3 92 

8. 64 

7 60 

7.00 


Iowa 211-1 

9.06 

9. 10 

8 60 

9.06 

8 54 

9 06 


-2 

6. 42 

.5.06 

4.56 

7.66 

7 08 

6. 16 


-3 

4.88 

1 90 

2.34 

1.86 

4.86 

3.17 


-4 

10.00 

9.88 

9.24 

9. 92 

9. 72 

9.75 

AT 

-6 

6.66 

6 22 

.66 

2 74 

2.22 

3. 30 

f #. f # 

-6 

9. 42 

9 62 

0.36 

9.96 

9 74 

9.62 


-7 

10.00 

9 72 

9.06 

9 90 

9.64 

9.64 


-H— / 

9.86 

8 84 

8 30 

9. 48 

8.90 

9. 07 , 


Minn. 111-1 

4,30 

2 36 

2.12 

6.78 

4. 62 

3. 81 


-2 

1,00 

1 32 

.40 

1.70 

1. 12 

1.11 


-3 

2.64 

1.64 

.60 

2.36 

2.60 

1.97 


-4 

1 04 

88 

.32 

1.01 

1.04 

.86 

*1 


8.74 

8.00 

6.48 

9.84 

9.64 

8.64 

f O. DO 

-fi - 

1 16 

.72 

.52 

1.40 

1.00 

.96 


-7 - - 

3 76 

3.86 

1 28 

6. 82 

4.50 

3.84 


— K . - 

7.42 

6.76 

6.94 

7 88 

8.68 

7.31 , 


Minn. 112-4 A - 

,5.86 

2. .52 

.68 

3.92 

1.62 

2.90 


-4B-__ - 

2.14 

.94 

.20 

2.40 

.64 

1.26 


-OA 

1. 78 

1.24 

.44 

1.46 

1.00 

1. 18 

1.36 

-fiB 

.86 

1.68 

.64 

1.04 

1.06 

1.03 

-7 A 

.80 

.68 

.92 

1.64 

1.62 

1.11 


-7B 

.80 

.80 

.48 

.76 

.44 

.66 


Average indices for all 








cultures in each 








series 

5.20 

4.60 

3.36 

6.66 

6. 12 



Average for control 






plantings 

.79 

.66 

.62 

1.00 

1.37 











In every case type-A colonies showing rapid radial growth along 
with an abundance of aerial mycelium were liighly pathogenic. No 
colonies showing this type of growth were weakly parasitic. A few 
colonies, however, that did not exhibit such cultural characters were 
rather virulent. Nevertheless, the indications are that rapid mycelial 

E owth and abundant aerial mycelium are directly corremted with a 
gh degree of pathogenicity in the majority of cases. There may, 
however, be still other factors responsible for pathogenicity. Similar 
observations on species of Fusarium have been made by other workers. 
Brown (S), working on certain fruit-rotting species of Fusaria, has 
;^inted out that the mycelial type of culture is the most pathogenic. 
He also states that this type of growth is the form found on first isola- 
tions from diseased tissue. Harvey {11), in a study of the parasitic 
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abilities of cultures of F. fructigenum Fr., found that high virulence 
was correlated with vigorous mycelial growth. 

The data obtained on the relative sporulating ability of the cultures 
indicate that no positive correlation exists between sporulation and 
pathogenicity. Some of the most virulent cultures, as well as those 
that snow very weak parasitic tendencies, produce conidia in abun- 
dance. Likewise, cultures that produce very few spores may or may 
not be pathogenic. The sporulating ability of the cultures used in the 
pathogenicity studies was determined by observing the relative num- 
ber of spores in a drop of inoculum. No actual counts were made. 



with the seine cultures as in A. Note the relative susceptibility of it i. 

In two additional inoculation series (series 6 and 7) both inbred 
lines of com, R4 and BrlO, were used In these scries an entnely 
different group of cultures was employed. The same 
were obta J as in the first five senes, tha^^«, h^hv^^^^^^ 


were oDiainea as in uit) lussu — o— . . , 

directly correlated with rapid mycelial nn7C!fpitv”Sf 

mycelium. No indication was found of selective pathogemcity of 
S^betwMn two lino, of oom, dl cto tang more virulent 
on the susceptible line, R4, than on the resistant hne, BrlO (hg. 8 
and table 3). 
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Table 3. — DiaeaBe indices of cultures of Gibberella saubinetii used in inoculation 
studies on 2 inbred lines of corn, BrlO and R4 


1 

Culture no. 

Disease indices for indicated culture series on— 

Inbred Brio 

Inbrefl K4 

Series 6 

Series 7 

Average 

Series 6 

. 

Senes 7 

Average 

Minn. 211-1 

8..M 

7.62 

8.08 

9.91 

9. 72 

9 81 

-2 

8.23 

7.80 

8.01 1 

0.85 

10 00 

9 92 

-3 

8.00 

7.58 

7.79 1 

9.94 

10.00 

9 97 

-4 

7.39 

6.58 

0.98 

9.84 

9 68 

9 70 

-6 

8 30 

7.94 

8. 15 

9.74 

9.80 

9 80 

-6 

8.03 

7.66 

8. 14 

9. 70 

9.20 

9 48 

-7 

7.74 

7.90 

7. 82 

9.79 

9.84 

9.81 

-8 - - 

4. 01 

2.94 

3. 47 

8. 13 

7 80 

7 96 

Iowa 221-1 (A) 

2.09 

2 50 

2.32 

6. 57 

5 52 

6 04 

-2 

2.53 

1.50 

2 04 

5. 57 

5.24 

5 40 

-3 - 

1.05 

1. 12 

1.5:1 

5.40 

4 28 

4 84 

-4 

2.19 

1.24 

1.71 

3.99 

1.00 

2 79 

>6 

3.73 

6. 12 

4. 92 

7. 35 

8. 3(i 

7 85 

-fi 

1. 18 

.64 

.91 

1.14 

.52 

.8:1 

-7 

8.38 

7.12 

7. 75 

9.96 

10 00 

9 98 

-8 

5.42 

5 28 

5. 35 

9. 13 

9 32 

9.22 

111. 132-1 B-(B) 

! 2.01 

1.56 

1 78 

! 6. 34 

5. 40 

5 90 

1B-(B)-S 

2 43 

1.44 

1.93 

1 5 35 

3. 74 

4 51 

1B-(A) 

8.72 

9 20 

8 90 

9.80 

9.70 

9 81 

lB-(A)-8 

4 42 

5. 40 

4.94 

8.70 

8 88 

8 79 

Checks (averages) 

1.02 

.58 

.80 

1.35 

1. 19 

1 27 


EFFECT OF PASSING CULTURES THROUGH THE HOST 

Experiments of a preliminary nature were conducted to determine 
what effect the parasitic habit might have on the cultural behavior of 
the fungus. 

Fifteen lots of corn seedlings, each of which had been inoculated tit 
planting with a different isolate of known cultural behavior, were 
removed from the greenhouse bench, surface-disinfected, and the 
diseased tissue plated on hard potato-dextrose agar. After 3 days the 
fungus had grown out of the diseased portion and could be readily 
identified as Gibberella saubmettii. Mass transfers of apparently pure 
cultures were made to plates of potato-dextrose agar and 5 days later 
cultural characters were studied and recorded. 

In all cases the reisolated cultures were the same in their cultural 
behavior as at the time of inoculation, indicating that the sojourn 
within the host tissue, which was about 1 month, had no perceptible 
influence on the cultural characters of the fungus. These results are 
not in accord with the findings of Burkholder (4) in a species of 
Fusarium, He reported morphological and physiological changes 
attending F, martii phaseoli Burk, when kept in culture for a long 
period of time, but after inoculation and reisoUition the fungus 
assumed its original cultural aspects. He also noted that loss of 
virulence was restored after two inoculations and reisolations. Coons 
and Larmer (7) found that aberrant cultures of Cercospora beticola 
Sacc. have a tendency to revert to the original form after inoculation 
and reisolation from the host. 

DISCUSSION 

Throughout the present investigations it has been definitely shown 
that considerable variation exists among single ascosporic cultures and 
hyphal-tip cultures of the fungus Gibberella saubinetii while growing 
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under an artificial environment. This variability has been expressed 
both in cultural behavior and pathogenicity. 

An extensive volume of literature has been devoted to the subject 
of variability of fuB^in pure culture. Most of the authors, however, 
simply report the occurrence of the variations as differences in cul- 
tural behavior, morphology, physiology, or pathogenicity, without 
attempting to analyze their true nature. 

Several different views regarding the nature of variations in fungi 
have been put forward by different groups of workers. Stakman (18), 
Christensen (ff), and Stevens (Id) believe that most of the variability 
in fungi probably is due to true mutation or saltation similar to 
bud mutation in the higher plants. Brown (£) and Mohendra (/7) 
also are of the opiiaon tliat variants arise as true mutants. lia Rue 
( 14 ) suggests that loss of virulence in pathogenic fungi is brought 
about by the appearance of saprophytic strains, which arise as mu- 
tants that are able to thrive better under artificial culture and thus 
outgrow the parasitic strains. 

Caldis and Coons (h) have demonstrated that certain variations in 
the fungi were of a more or less permanent nature and probably in- 
duced by nutritional disturbances or a poisoning of the protopbism. 
These writers regard such variations as similar to the “Dauermodifi- 
cation” described by Jollos (IS) for certain Protista. 

Holton (I£), substantiating some of Dickinson’s work (8), has 
suggested tliat in some of the smuts, and in other fungi where true 
sexuality exists, delayed segregation of certain heritable factors may 
account for the appearance of variants. 

Leonian (M, 16) has explained variation in the fungi as a natural 
phenomenon whereby the culture traces the variability of the species. 
Attempts by that author to induce mi.xochimaera in Fusarium monili- 
forme Sheld. were luisuoeessful. After two (Hstinct isolates had been 
grown in combinations for a period, reisolation revealed both parent 
strains and in achUtion a new type. The latter was believed to be a 
dissociant of one of the parent strains and not a heterotype resulting 
from anastomosis and intimate association of the protoplasm of the 


two parents. , , , i , 

In opposition to this opinion, Brierley (f ) holds that the appearance 
of variants in many instances may be accounted for by a hetero- 
‘caryotic condition of the original isolate, and that through subsequent 
culturing a reassortment of nuclei may take place tlmt gives rise to 
cultures phenotvpically divergent from the parent. Bnerley further 
states that true mutation, defined as ‘^a fundamental change m one 
or. more of the hereditary units, and carried from one generation to 
another”, has not been adequately shown m the fungi. He 
the possibility of aberrant nuclear divisions by virtue of which new 
forms might arise. Hanson and Smith (f 0) have brought out experi- 
mental efidence with Botrytis in support of Bnerley s contention that 
a reassortment of'^^he nuclei of a beterocaryotic isolate may g 

to strains differing from the original. monia (m\ 

In regard to the pathogenicity of different cultures, Tanja (W), 
working with three isoiations of Gibberell-a saubtnetu procured 
ture from different sources, found that they differed from one anothM 
in virulence. Tu (£1), in an investigation of species of fusarium 
causing head blight of small grains, has shown that three isolates of F. 
yranmmram Schwabe could be separated on the basis of their viru- 
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lence on several varieties of wheat and on their growth rates. Some 
information concerning the changes that went on in the cultures em- 
ployed by these workers before the37^ were tested for pathogenicity 
woiild be of interest. 

The nature of the variability observed in the investigations re- 

f )orted here does not appear to be directly due to a condition of 
leterocaryosis in the original isolates. Theoretically, the four nuclei 
in an ascospore are of the same genetic constitution, and if segregation 
occurs it takes place in the ascus before the spores are fonned. Like- 
wise, all nuclei in the hypha of a germinating ascospore have their 
origin in the mother nucleus of the cell from which the hypha was pro- 
duced, and should be genetically alike. Under these assumptions, 
barring any aberrant nuclear divisions, duplicate ascosporic cultures 
from a common isolate and hyphal-tip cultures from the same asco- 
spore should behave in the same manner. 

Whether aberrant nuclear divisions occur would bo difficult to de- 
termine cytologically with the material used in these studies. If 
atypical divisions of the nuclei take place, it is conceivable that only 
a few of such aberrances could, through the reassortment and segre- 
gation of the nuclear complex of a single culture, give rise to forms 
differing in several respects from the original cultural type. There 
is also the possibility, and this is perhaps the most tenable explana- 
tion, that variations in cultural behavior and pathogenicity in this 
organism are brought about by gene changes or chromosomal aberra- 
tions. That the variant types have appeared rather suddenly and 
have in some cases passed unaltered tlirough the ascigerous stage 
strengthens this supposition. 

In the experience of the writer, as well as of some other workers, 
abnormal cultural types were never found under natural conditions. 
That these abnormal or variant forms are weak pathogenes may pre- 
clude their isolation from diseased tissue. In addition, it has been 
observed that few of these forms pass through the ascigerous stage, 
which may account for their absence from tlie isolations made from 
perithecial material. If these forms do exist in nature they probably 
do so as saprophytes and are constantly being eliminated through 
competition and natural selection of the more vigorous forms. 

SUMMARY 

wSingle ascosporic and hyphal-tip cultures of Gibberella saubinetii 
(Mont.) Sacc. were studied in relation to cultural behavior and 
pathogenicity. 

The method employed in isolating the eight ascospores from a single 
ascus is described in detail. 

All original ascosporic and hyphal-tip isolates were strikingly 
similar in cultural behavior regardless of the locality from which the 
perithecial material was collected. During the course of the studies 
considerable variability was observed in cultural behavior. The 
variation was more or less haphazard and did not appear as a result 
of an orderly segregation within the ascus. 

Wide differences were found among the isolates with respect to 
their abUity to cause seedling blight on corn. Some isolates were 
highly virulent while others were practically nonpathogenic. 

A direct correlation was found between colony type and virulence. 
Those cultures that showed a rapid radial growth and an abundance 
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of aerial mycelium were always highly pathogenic, whereas those 
having a relatively slow growth rate and a pionnotes type of growth 
were generally poor pathogenes. No correlation could be established 
between abundant conidial production and degree of pathogenicity. 

Passage through the host apparently had no influence on the cul- 
tural characters of the isolates. 

It is suggested that the variability observed in the present investi- 
gations may be due to 1 of 2 possible causes: (1) Abnormal nuclear 
divisions with subsequent reassortment and segregation of a now 
nuclear complex, or (2) the existence of true mutants. 
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RATES OF GRO^H AND NITROGEN ASSIMILATION OF 
HAVANA SEED TOBACCO > 

By M. F. Morgan, amonomist, and O. E. Street, plant physiologist, Connecticut 
(iitate) Agricultural Experiment Station 


INTRODUCTION 

This investigation was planned to furnish basic information for the 
intelligent study of fertilizer practices, with particular reference to 
quantity, source, and time of application of nitrogenous materials. 
It involved measurements of rates of growth and nitrogen intake of 
the Havana Seed tobacco crop in the Connecticut Valley during the 
5-ycar period 1929-33. The various plant parts (roots, stalk, crop 
leaves, sucker leaves, and seed pods) were differentiated in the analy- 
ses; hence, a picture of the increase in dry weight and total nitrogen 
content of this crop is presented by the data. 

No effort has been made to interpret these data in relation to 
the various theories concerning tlxe mathematical laws underlying 
growth rates, but it is hopexi that those interested will avail tliem- 
selves of this material to test the validity of these theories. 


PREVIOUS INVESTIGATIONS 

Kosutany^ presented data on the total dry weight and chemical 
arialysis of tobacco at six dates, from the transplanted seedlings on 
May 31 to the time of ripening of the seeds on September 17. For 
comparison with data in the present study, his results, calculated in 
pounds per acr(‘ on the basis of an equal number of plants per acre, 
are shown in table 1. As to whether the total weight of the plants 
included roots was not stated. 


Table 1. — Total dry weight and nitrogen content of tobacco during its development 

{after Kosuidny) 


Ape of plant 
in field (days) 

'J’otal dry 
weight 
(pounds 
jier acre) 

Total 
nitrogen 
(pounds 
IKjr acre) 

Nitrogen 

Ape of plant 
in field (days) 

Total dry 
weight 
(pounds 
per acre) 

Total 
nitrogen 
(pounds 
per acre) 

Nitrogen 

0, . 

10 8 
81.0 
643. 6 

0,20 

2 20 

Percent 

1.85 

55 

1, 230. 0 

36. 60 

Percent 

2.98 

21 . 

2.72 

77 

4, 708. 0 

110.60 

2.35 

43 

22. 60 

3 51 

99 

4, 100. 0 

94.20 

2.30 


Davidson ^ in data based on the average of three tobacco varieties 
at three stages of growth (plant bed, topping, and cutting) shows 
average nitrogen contents of 2.88, 2.97, and 2.73 percent, respectively, 
at the successive stages, for the whole plant. The leaf at the toppmg 
stage contained 4.40 percent of nitrogen, as compared with 3.66 
percent at cutting time. 


1 TOHAKSORTER 

Datoson, h'. J^'anawses ot mbts or tobacco plant at DirPEHBNT STAGES Or QEOWTH. Vs. Agr. 
Expt. Sta. Bull. 50 (n. s. V. 4, no. 3), pp. 35-52. 1895. 
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Garner and his coworkers* measured the growth of tobacco at 
successive stages on the basis of height of plant to lowermost leafless 
branch when different forms and amounts of nitrogen were applied 
in the fertilizer. Sigmoid growth curves, with maximum rate of 
growth between August 11 and August 26, were obtained with ap- 
plication of no nitrogen and with 40 pounds of nitrogen applied as 
nitrate of soda. With 20 and 80 pounds of nitrogen applied as 
nitrate of soda, and 40 pounds as ammonium nitrate, all plants 
showed no significant reduction in rate of height growth during the 
final period (Aug. 26 to Sept. 4). The plants were not topped in this 
experiment. 

Vickery, Fucher, Wakeman, and Leavenworth * have made studies 
of rate of growth and nitrogen assimilation of shade-grown tobacco 
in Connecticut based on results during one season. Their results 
include measurements of various fonns of nitrogen in the plant. 
Roots were not included. Rates of dry-matter production and 
nitrogen intake follow trends in close agreement with the data here 
presented. 

Miller ® gives a comprehensive review of the litem ture dealing with 
theories in regard to rates of plant growth. 

PROCEDURE 

The plants measured in tliis e.xperiment were s('lo(dcd from a |)lol. of 
tobacco located on tyjiical Connecticut Valley tobacco soil (Merrimac 
sandy loam.) Previous to setting, heavy a])plications of fertilizer, 
containing 200 pounds of nitrogen (four-fifths as organic nitrogen, 
chiefly cottonseed meal; one-fifth as nitrate of soda), 100 pounds of 
phosphoric acid, and 200 pounds of potash, were made. Plants were 
collected at approximately 10-day intervals. Plants of the same 
apparent size as those withdrawn were tagged for identification to 
be measured at the subsecpicnt period. In all cases the plants meas- 
ured were chosen as a fair average of the plot. 

The entire plant was removed, including all obtainable roots. 
The parts were sei)arated and dried immediately in an oven. The 
number used for measurement ranged from 20 or more at time of 
setting to 1 after mid-season, in order to furnish a sufficient amount 
of material for analysis. 

After oven-drying, the various portions of the plant were weighed, 
ground, and analyzed for total nitrogen by the Kjeldahl method. 

At the time of topping for the tobacco on the plot, a sufficient 
number of plants were left untopped to provide samples of untopped 
plants up to the time of maturity of the seed pods, in comparison witli 
those normally topped. 

* Garner, W. W., Bacon, C. W., Bowling, J. D , and Brown, D. K. the nitrogen nutrition ok 
TOBACCO. U. 8 . Dept. Agr. Tech. Bull. 414, 7K pp , illus. 1934. 

» Vickery, H. B., fucher, G.W., Wakeman, A J., and Leavenworth, C. 8 . chemical investigations 
of the tobacco plant V. CHEMICAL CHANGES THAT OCCUR DURING GROWTH. Conn. State Agr. Expt. 
Sta. Bul.376. 1936. 

» Miller, E. C. plant physiology, with reference to the green plant, pp. 802-806. New York 
and London. 1931. 
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DATA AND DISCUSSION OF RESULTS 

For the sake of brevity, the data for the individual years of the 
experiment (1929, 1930, 1931, 1932, 1933) are not presented. In all 
cases a similar growth curve was obtained. There was a considerabli) 
divergence in the time that elapsed before the beginning of the grand 
period of growth. In 1929 and 1933, maximum growth rate began at 
the thirty-fifth day; in 1930, at the thirtieth day; in 1931 , at the forty- 
fiftli day; and in 1932, at the fiftieth day. The yields in the two 
latter years were abnormally low, while in 1930 the greatest growth 
was attained. In 1 929 the crop was destroyed by hail at the sixtieth 
day, having then attained a growth similar to 1933. In order to 
weight the data properly, the 1929 crop was assumed to have con- 
tinued to follow the trend of the 1933 crop for the remaining time. 

The dry weights of the various plant parts, based on averages for 
the 5 years, are given in table 2. 

These data are shown grapliically in figure 1 by means of smoothed 
curves. A differentiation of crop and sucker leaves on the topped 
plants was approximated, on the basis of unpublished data by Ber- 
thold ’’ of studies made at Windsor in 1930. 


Table 2. — Dry weight and nitrogen content of, and total quantity of nitrogen in, 
various portions and the entire plant of topped and untopped Havana Seed tobacco, 
and also in the entire crop, at different times during the growth period, 19^9-33 

[Tlio data are averaged for a 5-year period and the moan age of harvest was 72 days] 

DKY WEIGHT 


Age of plants in field (days) 

Roots 

Stalks 

Leaves 

Pods 

Total 

Probable 
error of 
mean ^ 


Pan adit per 

Pounds per 

Pounds per 

Pounds 

Pounds per 


10 

acre 

0 09 

acre 

UK 96 

acre 

10 05 

per acre 

acre 

12 W) 

±0. 76 

20 

2 23 

4 518 

30.50 


517. 11 

=t4 34 

:io___ _ 

12.751 

31. 35 

145 92 


190.00 

±27 50 

40 

82.71 

189. 05 

672.24 


844 00 

±143.00 

60._ 

218. 00 

502.00 

1,260 00 


1,980.00 

±219. 00 

60: 

Topiied 2.._ 

460.00 

1,069.00 

1, 766 00 


.3, 285.00 

± 83.00 

Untopped 

70: 

Topped * 

475. 00 

1, 375 00 

1,820.00 

” 1360 " 

3, 800. 00 

±172. (K) 

850.00 

1, 592 00 
2,386.00 

2, 100. 00 


4, 542 00 

±251.00 

Untopped 

900.00 

2, 190. 00 

400. 0 

5, 875. 00 

±296. (H) 

80: 

Top|)ed * 

1, 44.1 00 
1,476.00 

1,947.00 

2,340 00 


5,730 00 

±196 00 

Untopped— 

3, 040. 00 

2, 490. 00 

“ 775 .Tr 

7, 780 00 

±313. 00 


TOTAL QUANTITY OF NITROGEN 


10., 

0.03 

3 0.03 

0 37 


0. 43 

0.04 

20__ 

.06 

.15 

1.13 



1.34 

.37 

30 

.35 

.98 

5 61 


6 94 

1. 37 

40 

2.19 

5.37 

22. 56 


30.11 

6. 48 

50 

4.86 1 

12.40 

49. 14 


66. 40 

7. 95 

60 

Toppnd * 

8.97 

22.03 

64.99 


95.99 

4.96 

Untopped 

9 . 0:1 

28.46 

68.25 

6. 50 

112.24 

7.66 

70: 

Topped » — 

Untopfied 

14.45 

14.22 

28.62 

40.55 

69. 30 
73.80 

’To. 60’ 

112.37 
146. 17 

7.54 

8.31 

80* 

Topped * - 

Untopped - 

19. 19 
17.26 

31.74 

40.43 

69. 051 
69. 72 

“27.‘69’ 

119.96 

166.00 

1 6.88 
11.97 


* From formula P. E. M. “0.6745 VSd^ 

Vn(n- /). 

) Topped at 54 days (mean date). 

3 Estimated graphically. 

1 Bkbtholu, K. T. nitrogen assimilation— topping and aucKERiNO experiment. Unpublished 
manuscript on file at Tobacco Substation, Conn. State Agr. Expt Sta. 19511. 
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Table 2. — Dry weight and nitrogen content ofy and total quantity of nitrogen in^ 
various portions and the entire plant of topped and untopped Havana seed tobacco^ 
and also in the entire crop^ at different times during the growth period^ 19$9-3S , — 
Continued 

[The data are averaged for a .'S-year period and the mean age of harvest was 72 days) 
NITKOGEN CONTENT, PERCENT 








Probable 

Age of plants in held (days) 

Roots 

Htalks 

I..eaves 

Pods 

Total 

error of 







mean 


Pounds per 

Pounds per 

Pounds per 

Pounds 

Pounds per 



acre 

acre 

acre 

peracre 

acre 


1... 

2. 76 

33 62 

3 05 


3.60 

0.31 

) - 

2 78 

3 30 

3. 70 


3. 01 

.30 

1 

2.77 

3. 13 

3.86 


3.06 

.24 

1 

2 06 

2.84 

3.94 


3. 57 

.32 

) 

2.23 

2 47 

3.90 



3. 37 

.20 

1. 

Topped 3 

1.95 

2.08 

3 08 

1 

2 92 

. 18 

UntopjHjd- ..... 

1.90 

2.07 

3. 75 

' 5. 00 

2.95 

.17 

Topped 3 

1 70 

1.80 

3. 30 


2. 47 

.10 

Uri topped- 

1 68 

1 70 

3.37 

4. 16 

2.47 

. 14 

Topped 3. 

1.33 

1.03 

2 96 


2 10 

.23 

TTntopia'<l 

1 17 

1 33 

2.80 

"ilso 

1.99 

.21 


3 Topped at 64 days (mean date). 3 Estimated graphically. 
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GROWTH OF NORMAL TJNTOPPED PLANTS 

As may be seen from an examination of the charts, the entire plant 
showed a logarithmic acceleration of growth rate, reaching a maximum 
between the fortieth and sixtieth days after setting in the field. 
There was only a slight reduction in total growth with approacliing 
seed-pod maturity. The leaf production was diminished after the 
fifty-fifth day, at about the time the floral parts emerge. The stalk 
continued rapid growth up to about the sixty-fifth day, its graiul 
period of growth being about 10 days later than for the leaves. The 
roots apparently attained their maximum rate of growth about when 
the measurements were ended, on the average at the eightieth day. 

CHANGES IN GROWTH AFTER TOPPING 

Removal of the terminal bud and a small section of the end of the 
stalk along with it had a marked effect on the subsequent (lourse of 
growth of the various plant parts. The total dry-matter production 
was markedly diminished, out of all proportion to the amount of diy 
matter removed in the topping operation (estimated at about 100 
pounds per acre). The major difference is due to the decreased stalk 
growth of the topped plant. There was comparatively little differ- 
ence in total leaf production, tind root growth was nearly identical. No 
pods were produced on the topped plant, this accounting for some of 
the difference in total dry matter. 

However, it is to be noted that the crop leaves, all being developed 
at the time of topping, grew very little after topping, and apparently 
suffered some loss in weight just prior to the harvest date. At the 
same time the sucker leaves were growing rapidly. Crop and sucker 
leaves are not differentiated in the final data for the eightieth day, 
nor for the un topped plant at any time. 

NITROGEN CONTENT OF PLANTS 

The average nitrogen content, on a percentage basis, for the various 
parts of the plants at the different dates, is shown in table 2, and 
graphically in fi^^ure 2. 

Some interesting relationships are evident. Stalks and leaves, 
both contained approximately 3.5 percent nitrogen at first sampling 
and then rapidly diverged. The stalks decreased progressively in 
nitrogen content to a minimum of about 1.5 percent at the final 
period, although those of the topped plants apparently showed some 
decline in rate of decrease, possibly due to restoration of vegetative 
conditions. i j 

The decreased nitrogen content of the stalk is doubtless assowated 
with the development of woody tissue, so prominent in mature tobacco 
stalks 

The leaves gradually increased to a maximum of about 3.95 
cent nitrogen at about 40 days, or early in the grand period of growtn 
of the entire plant. The percentage content of nitrogen of the 
bined crop and sucker leaves from the topped plants was at nrst 
lower than the untopped. Later this condition was reversed, due to 
the production of sucker leaves of high nitrogen content, i he crop 
leaves decreased in nitrogen content at a very rapid rate after topping, 
on the basis of Berthold’s data.* 


* Bertholcl. K. T. See footnote 7. 
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The roots showed a slight increase in nitrogen content up to the 
thirtieth day, with subsequent progressive decrease. The topping 
operation apparently tends to produce a temporary storage of nitro- 
gen in the roots, since the normal rate of nitrogen decrease is slowed 
down for about 10 days. It is to be noted that the maximum nitrogen 
content in the roots occurred before that in the leaves. 

Pods, when first produced in the bud stage, had a very high nitrogen 
content of over 5 percent, which decreased rapidly during their 



ACC OF PLANT5 IN FICLD 


FiniTRE 2- Nitrogen content of various portions of lopped and untopped Havana seed tobacco: EV, 
Entire plant, untopped; ET, entire plant, topped; LV, leaves, untopped plants; LT, leaves, topt^ed 

S lants; CL, crop leaves, topped plants; SL, sucker leaves, topped plants; SV, stalks, untopiied plants; 

T, stalks, top|)ed plants; At/, roots, untopped plants; HT, roots, topped plants; P, pods, untopped 
plants. 

development. The measurement was approximately the same as for 
the seed itself, the latter making up most of the entire weight of the 
pods. 

TOTAL NITROGEN INTAKE OF THE PLANTS 

The final objective of this experiment was the measurement of total 
nitrogen intake by the tobacco plant at various periods of growth. 
This IS the resultant of the two previous sets of measurements and is 
shown in table 2 and graphically in figure 3. 
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While on the whole the same general iiicture is presented as for total 
dry weight, it is seen thftt the decline in the rate of nitrogen intake 
was more rapid during the later stages, due to the previously noted 
decreases in nitrogen content of the various parts of the plant. Thus 
a sigmoid curve for total nitrogen in the entire plant is more clearly in 
evidence, especially for the topped plants. 

The translocation of nitrogen from the leaves of the untopped 
plant and from the crop leaves of the topped plants, is clearly shown. 
The stalks, despite their continued increase in total weight during the 
final period, had practically ceased to be a factor in building up the 
nitrogen in the plant. 



Although growth was still active at the final measurement, nitrogen 
intake from the soil was rapidly approaching cessation. The build- 
ing up of nitrogen in the pods of the untopped plant occurred largely 

at the expense of its leaves. . u -i.!. oa 

Under the scheme of fertilization practiced on the field, with 80 
percent of the nitrogen applied in the organic form, the amount of 
nitrate nitrogen in the soil attained a maximum of about 60 pounds 
per acre in about 3 weeks after setting. Except as interrupted by 



170 


Journal oj Agricultural Research 


Vol. 51, DO. 2 


leaching from the soil by unusually heavy rains, the nitrate nitrogen 
liberated by biological activity kept pace with crop removal until 
about the first of August, normally about 60 days after setting. The 
nitrates in the soil then decreased rapidly, falling off to less than 10 
pounds per acre at the time of final measurement in this experiment. 
These observations are based on data as to nitrate nitrogen in the 
soil on the plots from which the growth samples were taken during 
1932 and 1933, and in the soils of plots under various nitrogenous 
fertilizers during 1932, 1933, and 1934. 

It is evident that, since the nitrate level of the soil was high until 
the sixtieth day, there was no limitation in nitrogen intake until this 
time. It is of interest to note that the untopped plants showed a 
definite diminution in rate of total nitrogen intake during the time of 
depletion of nitrates in the soil. 

Table 3 gives a picture of the distribution of dry weight and nitro- 
gen in the Havana seed tobacco crop at harvest date. These data 
were obtained by interpolation from the graphs based on average 
results over the 5-year period. 


Table 3. — Dry weight and nitrogen content of various parts of the Havana seed 
tobacco crop at harvest date^ 72 days after setting 

[Average data, 1929-33) 


Plant part 

Dry weight 

Nitrogen 

Nitrogen 
contained 
in entire 
plant 

Roots 

Pounds 
950 
1, 675 
507 
1,643 

Percent 
1.58 
1. 77 

4 85 
2.73 

Pounds 

15 0 

29.6 

24.6 
44.9 

Percent 

13.2 
26.0 
21. 5 

39.3 

Stalks - 

Suckers. - 

Crop leaves.... ... 

Total 

4, 775 

2.39 

114.0 





PRACTICAL APPLICATION 

On the basis of these results an ideal system of nitrogenous fertili- 
zation would provide during the first month only moderate amounts, 
not to exceed 20 pounds, of nitrate nitrogen per acre. Any larger 
amount would not be required by the crop, and would be subject to loss 
from the soil by leaching as a result of heavy rains. Thereafter rapidly 
increasing amounts of nitrates should be supplied, to a total of about 
120 pounds per acre at the end of the second month. If this amount 
is materially exceeded, luxury consumption of nitrogen in the final 
stages of growth may interfere with the normal decline of the nitrogen 
content in the crop leaves. The tobacco fertilization normally prac- 
ticed in the Connecticut Valley substantially accomplishes these 
ends, although nitrates are provided in somewhat excessive amounts 
during the early powth period. Usually 40 pounds of nitrate 
nitrogen are applied with the fertilizer, and available nitrogen from 
organic sources builds up the soil above this level until the beginning 
of rapid nitrogen intake by the crop. However, nitrogen supply for 
the season as a whole is apparently well adjusted to the demands of 
the crop. Although 160 pounds per acre of oi^anic nitrogen are 
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provided, only about 60 percent of this amount is available during 
the season, on the basis of data from lysimeter investigations at 
Windsor.® 

A duplication of these conditions when using inorganic nitrogen 
sources is difficult under Connecticu t V alley conditions. The applica- 
tion of 120 pounds of nitrogen in such materials at planting time may 
result in an inadequate supply for normal yield if there is serious 
leaching from the soil, while, in a season without leaching, larger 
amounts may prove excessive. Inorganic nitrogen applications may 
be used in fractional doses, proportional to the demands of the crop 
during the subsequent period, but in case the soil is dry when these 
applications are made, they may not diffuse to within reach of the 
root system in time to be used when they are needed. 

1 1 is believed that these data in part explain the general failure of 
attempts to use large jiroportions of nitrates or other inorganic sources 
of nitrogen for the tobacco crop in the Connecticut Valley. They 
provide a working basis for more intelligent future attempts along 
this line. 

SUMMARY 


The rate of growth and of nitrogen intake by the Havana seed 
tobacco c>rop was measured for the live seasons, 1929-33. Separate 
data are presented for the various parts of the plant, including roots, 
stalks, leaves, and seed jiods. 

The early growth for the first 30 days after setting was slow, and 
was followed by a rapidly accelerating increase. Between the thirty- 
fifth and fifty-fifth day after setting, the crop attained approximately 
50 percent of tlie dry weight attained at harvest time, and extracted 
from the soil about 60 percent of its total nitrogen requirement. 

Topping interrupted normal development, to the extent that the 
topped plants, even when permitted to grow beyond the normal 
harvest date to the time of practical maturity of seeds on the untopped 
plants, failed by more than 1,500 pounds to attain as great a produc- 
tion of dry matter. This difference is primarily due to decreased 
stalk growth and the prevention of normal terminal seed-pod pinduc- 
tion. The increased production of sucker leaves on the topped plant 
was not in excess of the additional production of normal leaves on the 
un topped plant. 

The nitrogen content of leaves attained a maximum about 40 days 
after setting. The stalk became decroasingly lower in nitrogen con- 
tent tliroughout the grow th of the crop. The roots increased slightly 
in nitrogen content for about 30 days, after which they became pro- 
gressively poorer in nitrogen. The croj) leaves lost nitrogen after the 
plant was topped. . 

At the time of cutting, tobacco had extracted 1 14 pounds of mtrogen 
from the soil, of wdiich 39.3 percent was contained m the crop leaves, 
21.5 percent in the sucker leaves, 26 percent in the stalk, and 13.2 
percent in the roots. 

In order to meet the nitrogen requirements of the crop at various 
stages of its growtli, without providing amounts so greatly in excess of 
immediate requirements as to be lost from the soil by leachmg, a 
fertilizer should supply not to exceed one-fifth of its nitrogen in the 


» Morgan M F Street. O. E., and Jacobson, II. O. M. fertilizer losses through leaching 
AS ilTuiSb BY Cono. State Agr. FApt. Sta Bull. 326: 432H41. 11)31. 
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nitrate form during the first month, and a total of approximately 120 

f munds of available nitrogen within 2 montlis after setting. If the 
atter amount is greatly exceeded, too much nitrogen may be taken 
up by the crop during the period immediately prior to cutting, thus 
causing poor quality due to excessive nitrogen content in the crop 
leaves. Such a condition is being provided by the present practice 
of applying 40 pounds of nitrate nitrogen and 160 pounds of organic 
nitrogen just prior to setting, although this results in a nitrate level 
in the sod much in excess of immediate requirements for at least a 
month, and serious losses may occur when heavy rains come during 
this period. If larger amounts of inorganic nitrogen are to be used 
in the Connecticut Valley tobacco crop, they .should be adjusted to 
the periodic needs for this element. 



THE DIGESTIBLE NUTRIENTS OF NAPIER GRASS AND 
CROTALARIA INTERMEDIA SILAGES, NATAL GRASS 
HAY, AND THE DRIED REFUSES OF GRAPEFRUIT AND 
ORANGE CANNERIES' 

By W. M. Neal, associate in animal nutrition; R. B. Becker, dairy husband- 
man; arid P. T. Dix Arnold, assistant dairy husbandman^ Department of 
Animal Husbandry^ Florida Agricultural Experiment Station 2 

INTRODUCTION 

In Florida, where tropical and subtropical forage crops are grown, 
the suinnier rainy season makes it difficult to cure hay, and conse- 
quently increasing amounts of forage are being conserved as silage. 
Although standard feeds in other parts of the United States have 
been investigated thoroughly, little appears to be known of the com- 
position and digestibility of a considerable number of forage crops 
and byproducts now in use in the southeastern part of the country. 
One type of feed, new in this section, is the dried refuse from the 
citrus canning plants. There is promise that this byproduct may be 
an important carbohydrate feed. 

This paper presents the results of a study to determine the com- 
])osition, coefficients of digestibility, and digestible nutrients of silages 
made from Napier grass {Perrnisetwm jmrpureum Schuin.) and Crota- 
tana intermedia Kotschy, of hay from Natal grass {Tricholaena romi 
Nccs), and of dried refuse from grapefruit and orange canneries. 


METHODS 


Th(' methods used in (M)ndu(‘ting the digestion trials were essentially 
tJiose recommended by Forhes and Orindley.^ The basal ration 
consisted of prime cottonseed meal (41 percent total crude protein) 
and No. 1 Federal grade alfalfa hay. In the experimental rations, 
one-half of the alfalfa hay was replaced by an eciual quantity of the 
experimental feed, except in the case of silages, where the rate was 
3 pounds of silage to 1 pound of hay. In every case, the total ration 
provided an excess of digestible crude protein above the calculated 

recpiirements. ^ 1 r • 

Preliminary feeding periods were 10 days in length, and the experi- 
mental periods were from 15 to 20 days. The trials with Napier 
grass silage totaled 45 steer-days,^’ and all other trials 80 steer- 
days each. 


* Received for publication Apr. 13, issued Septeniber 1936. .nvofifurotiftn of iho 

»The data dealing with Crotalaria mermeiia were obtained 
feeding value of crotalarias conducted jointly by the pivision of a pro^oomv ^d^Animal Hus- 

Plant Industry, U. S, Department of Agriculture, and the 

bandry of the Florida A^icultural E^riment Station. The ^^Kestwii ^ conducted b^r tne 
Department of Animal Husbandry. Tlie silage used was made froni forage prodded by ^ 

Fo^e Crops and Diseases and the Department of Agronomy. O. E. Ritchey was in charfee locaiiy lor 

the Division of Forage Crops and Diseases. nr wyprrimentation in 

» Forbes, E. B., sind Gbjndley, H. S. on the formulation of meti ods of experimentation in 

ANIMAL production. BuU. Natl. Research Council 6, pt. 2, no 33. 17-i7. ^ 
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Analyses were made by the methods of the Association of Official 
A^ciiltural Chemists.'* Determinations of nitrogen were made in 
tnplicate on the fresh feces each day in order to avoid losses of 
nitrogen. All other constituents were determined on 5-day composite 
samples. 

The coefficients of digestibility were obtained by indirect calcula- 
tion, taking into account the data from the trials with the basal 
ration for alfalfa hay, and the average coefficients of digestibility given 
by Henry and Morrison ® for the grade of cottonseed meal used. 

PRESENTATION AND DISCUSSION OF RESULTS 

No difficulty was experienced in getting the animals to eat the 
experimental rations. In general, satisfactory agreement among the 
results for the different animals and for successive 5-day periods was 
secured, except in the trials with Napier grass silage. The residts 
for 1 of the 4 animals were discarded in this instance, the other 3 being 
consistent. The greatest discrepancies appeared in those instances 
where the intake of the particular feed constituent from the experi- 
mental feed was but a small fraction of the total intake of that con- 
stituent. However, any error from this source introduced into the 
calculation of the total digestible nutrient content of a feed is 
relatively small. 

The composition, coefficients of digestibility, and digestible nutrient 
content of the experimental feeds, together with similar standard 
feeds for purposes of comparison, are presented in table 1 . 

The silage from Napier grass, harvested as the heads began to 
appear, was low in crude ])rotein and high in crude fiber. A high 
fiber content is presumed to depress the digestibility of forages. This 
appears to have been the case in this instance, as is seen when the 
nutrient content of Napier grass silage is compared with that of corn 
silage, and is most apparent when the nutrients are computed on the 
dry-matter basis. 

Harvest of the Crotalaria intermedia was delayed in 1933 by heavy 
rains, so that the crop became more fibrous than is desirable. The 
high fiber content of this plant at such a stage of maturity appears 
to have depressed the digestibility of the nutrients, as is scon in com- 

I )arisons with soybean silage and alfalfa hay. In common with other 
egume silages, that of C. intermedia contained a greater proportion 
of crude protein in the dry matter than is present in grasses at a 
similar stage of maturity. 

Even though the harvest of Natal grass must wait until the close 
of the rainy season, and its growth habits tend toward a higher fiber 
content, its total digestible nutrients were only slightly below those 
of timothy hay. 

Dried grapefruit and orange cannery refuses were both very palat- 
able to cattle. They had a laxative effect when fed in such quanti- 
ties that they supplied approximately one-half of the dry matter of 
the ration. Both of these citrus byproducts were low in protein, 

< Association of Official Aoricultural Chemists, offictal and tentative methods of analysis. 
Compiled by the committee on editing methods of analysis. Kevised to July 1, 1924. Ed. 2. 535 p., illus. 
Washington, D. C. 1925. 

• Henry, W. A., and Morrison, F. B. feeds and febdino: a handbook for the student and 
STOCKMAN. Ed. 18, pp 709-743, illus. Madison, Wis. 1923. 
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crude fiber, and fat, but high in digestible nitrogen-free extract. The 
digestion trials place these feeds in the class of high carbohydrate 
concentrates. 


Table 1. — The percentage compofnlion, coefficients of digeMihility, and digestible 
nutrients of the experimental feeds, as compared with those of similar standard 
feeds 

COMPOSITION OF THE FEED 


Kind of feed 

Num- 
ber of 
analy- 
ses or 
trials 

Dry 

mat- 

ter 

Crude 

pro- 

tein 

Napier grass silage 

3 

32 54 

1. 17 

Corn silage, well matured L . . 

121 

2«. 30 

2. 10 

C'rotalaria intermedia sdage 

4 

27. 13 

3.30 

Soybean silage, Florida analy- 
ses. - 

23 1 

24.04 

2.24 

Alfalfa hay L-. 

250 

91 40 

14 9b 

Natal grass hay - 

1 

92. 24 

3 30 

Timothy hay, all analyses*... 

221 

88. 40 

6.20 

Grapefruit refuse, dried 

1 

91. 77 

4.94 

Dried orange peel.. 

1 

80 04 

5.84 

Beet pulp, dried ‘ 

48 

91.80 

8.90 







On dry-mat- 






ter basis 

Crude 

fiber 

Nitro- 
gen- 
free ex- 
tract 

Crude 

fat 

Ash 

Total 

digest- 

ible 

nutri- 

ents 

Crude 

pro- 

Total 

digest- 

ible 






tein 

nutri- 







ents 

14. 45 

14. 42 

0 68 

1 82 




6 30 

15. 40 

.80 

1.70 




12 52 

8 34 

.77 

2.20 

— 


— 

10 o:i 

9 08 

.74 

2 55 




28. 30 

37 30 

2 30 

8 60 




30.49 

43 12 

1.44 

4 83 




29.80 

45 00 

2 50 

4 90 

. 



11.94 

60.60 

1.00 

4 23 




10 64 

64.74 

.69 

4. 13 




18 90 

59.60 

.90 

3 50 






COEFFICIENTS OF DIGESTIBILITY 


Napier gras.s silage _ , 

3 1 


29.07 

60.14 

40. 19 

64 70 




(\)rn silage, well matured 

27 


51.00 

65.00 

71 00 1 

82.00 

. 

... 





Crotalaria intermedia silage.. . 

4 


62.87 

32.71 

40. 57 

66 92 






4 


.55 30 

42. 90 

61.20 

48 90 





109 


71 00 

43 00 

72.00 

38 00 




Natal gra.s.s hay _ _ 

4 


8 . 16 

59. 34 

51 85 

68 64 




Tiniotnv hay - 

58 


48.00 

50 00 

62.00 

50 00 




Grapefruit rku.se, dried 



24.83 

71.62 

92. 43 

79. 37 




Dried orange peel 

4 


.36 57 

93 91 

88 51 

66 59 




Beet pulp, dried * 

3 


52.00 

83.00 

83 00 







DIGESTIBLE NUTRIENTS 


Napier grass silage 

(^'Orn silage, well matured 

(^otalaria intermedia silage 

Soybean silage 

Alfalfa hay 

Natal grass hay 

Timothy hay 

Grapefruit refuse, dried 

Dried orange i)eel 

Beet pulp, dried 


0.34 

7.25 

5 80 

0 44 


14.38 


1 07 

4 10 

10.93 

.66 

. 

17.59 


2.08 

4.10 

3 38 

52 



10 72 


1.24 

4.30 

5.57 

.36 


11 92 


9 09 

12.17 

26 86 

.87 


50 08 


29 

23. 43 

22 36 

.99 


48. 31 


2.98 

14.90 

27 90 

1.25 


48. 59 


1 23 

8.64 

64. 33 

.84 


75. 99 


2 14 

9.99 

57. 'M) 

.05 


69. 55 


4.63 

15.69 

49. 47 




69 79 

i 


1 on 

4.07 

7 

5. 01 
9. 95 
.31 
3 37 
1.34 

2 49 
,5.04 


44. 10 
06.88 
39. 48 
48 20 
54. 79 
52. 22 
54. 97 
82 80 
80 82 
70.02 


‘ Henry, W. A , and Morrison, F. B See footnote 5. 

* Hopkins, C. O. composition and pigestibii.tty ok corn ensile, 
ENSILAGE AND CORN-FODDER. 111. Agr. Expt. Sta. Bull. 43, pp. 181-208. 


row PEA ENSILAGE, SOJA BEAN 
1890. 


SUMMARY AND CONCLUSIONS 

The composition, coefficients of (ligestibllitj^, and digestible nntri- 
ents of Napier grass and Crotalaria intermedia silages, Natal gri^s 
hay, and dried refuse from grapefruit canneries are presented for the 
first time. Additional data on dried refuse from orange canneries 

are given. . i • 

Napier grass silage is low in digestible protein and contains approxi- 
mately two-thirds as much total digestible nutrients as does corn 
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Crotahria intermedia sil^e provides less total digestible nutrients 
than does com silage, but it is a better source of protein. Cut in an 
earlier stage of maturity, this silage probably would have been more 
desirable. 

Natal ^ass hay is comparable with timothy hay in feeding value. 

The dried refuses from grapefruit and oranj^e canneries are lower in 
digestible crude protein, nut slightly higher in total digestible nutri- 
ents, than is dried beet pulp. These feeds are comparable. 



BACTERIAL LEAF SPOT OP ALFALFA* 


r?* professor of plant pathology ^ Wisconsin Agricultural Experiment 
Ration; F. R. Jones, senior pathologist, Division of Forage Crops and Diseases, 
Bureau of P^nt Industry, United States Department of Agriculture; and Mak- 
GUERiTB C. Davis, research assistant in plant pathology, University of Wisconsin, 


INTRODUCTION 

Th© bacterial leaf spot described here was first recognized on Tur- 
kestan and Grimm alfalfa {Medicago mtwa L.) in two locations at 
Madison, Wis., in August 1930. The alfalfa in both instances was in 
cultivated experimental rows and had been repeatedly splashed by 
watering with a garden hose. In October 1931 the disease recurred 
under similar circumstances at one of these locations, but with the 
abandonment of alfalfa growing at these places the disease has not 
been seen during the three following summers. At no time has it 
been found in alfalfa fields. These observations, together with the 
results of inoculations, suggest that while the disease appears poten- 
tially destructive, it does not often find favorable conditions for devel- 
opment in this locality. Inasmuch as it may develop elsewhere and 
may easily be mistaken for other well-known diseases, its description 
seems warranted. 


DESCRIPTION OF THE LEAF SPOT 

This leaf spot, like most bacterial leaf spots, is at first very small 
and water-soaked in appearance. As the spots increase in size, they 
may coalesce, especially along the midrib and at the ends of the leaf- 
lets, forming areas of dead tissue which soon dries. The dry center 
of spots attaining a diameter of 2 to 3 mm is often yellow with a dark- 
brown border surrounded by a straw-colored halo. Smaller lesions 
may appear merely as dark-brown spots. Characteristic leaf injury 
from this disease is shown in figure 1. No stem lesions have been 
observed except following inoculations. 

Thus, only in the early stages of its development does the disease 
suggest its bacterial origin. At that time it is easily distinguished 
froni leaf infections of the bacterial stem blight caused by Phytomonas 
medicagirm (Sack.) Bergey ot al. by the absence of the stem lesions 
characteristic of that disease and also by the small size of the spots, 
which have not been observed to extend to form the large yellow areas 
described for that disease. After the early water-soaked condition 
has passed, this leaf spot resembles certain fungous leaf spots. The 
smaller dark-brown spots are not easily distinguished from partly 
developed spots caused by Psevdopeziza medicaginiff (Lib.) Sacc. 
The larger bordered spots may closely resemble those caused by 

» Received for publication Mar. 4, 193fi: issued September 1936. Joint contribution of the Wisconsin 
Agricultural Experiment Station and the Division of Forage Crops and Diseases, Bureau of Hant Indus- 
try, U. 8. Department of Agriculture. The work was done in part by funds granted from the Civil Works 
Administration of the Wisconsin Emergency Relief Administration. 
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Psevdoplea briosiana (Poll.) Hoehn. Because of the strong resem- 
blance of this bacterial spot to lesions caused by these two fungi, it 
may have occurred unrecognized many times in the past. 

ISOLATIONS AND INOCULATIONS 

Six separate isolations of the organism were made in 1930 with the 
usual poured-plate technic. The pathogenicitv of the cultures ob- 
tained was proven on plante in the greenhouse, the bacteria were reiso- 
lated, and the pathogenicity of the cultures obtained_again_demon- 
strated by inoculation. 



Figure 1. —Bacterial leaf spot of alfalfa on diseased leaves from plants growing in a cultivated plot as com- 
pared with a healthy leaf; A and B, Leaves showing extensive injury of leaflets chiefly at the ends and 
along the midribs; C, leaf showing isolated blackened and halo-surrounded spots; B, healthy leaf. (About 
natural size.) 

The plants inoculated were kept in a closed glass chamber for half a 
day before the leaves were sjjrayed with the bacterial suspension in 
distilled water, and were left in the chamber for a half day after this 
inoculation. In some cases a trace of castile soap was added to the 
bacterial suspension in order to facilitate wetting the leaves. Under 
these conditions infection was often far more destructive to the plant 
than natural infection observed in the field. Puncture inoculations 
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were also made, which, though successful, were not commonly as satis- 
factory as those made by spraying the leaves. 

The cultures were carried in stock until 1933, when their pathoge- 
nicity was again demonstrated by greenhouse inoculations. Follow- 
ing this, single-cell isolations were made from the six different cul- 
tures.* The pathogenicity of these single-cell isolations was demon- 
strated soon after they were made and again after they had been 
carried in stock for several months. 

BACTERIOLOGICAL STUDIES 

The bacteriological characters of these six single-cell cultures were 
determined according to the common procedures. Unless otherwise 
noted, the methods employed were those given in current (1933) revi- 
sions of publications by the Committee of Bacteriological Technic of 
the Society of American Bacteriologists.® Each of these tests was 
made in triplicate with suitable controls for each of the six cultures. 
Unless otherwise noted, each test was performed at least a second and 
usually a third time. 


MORPHOI.OGY OF THE ORGANISM 

The organisms were all small rods. They were measured * from 
smears of 1 -day-old cultures grown on yeast-infusion glucose agar 
at 22° C. The slides were stamed with the negative nigrosine prepa- 
ration. One hundred organisms were measured from each strain. 
The average of all was 2.14 by 0.45 m They ranged in length from 
0.93 to 4.56 and in width from 0.28 m to 0.77 m* The organisms 
were Gram-negative and not acid-fast. No capsules were found after 
growth for a week on ascitic agar. 

Flagella stains with the Caesares-Gil method made on 3 of the 6 
strains revealed a single polar flagellum. The other cultures were all 
observed to be motile in nanging-droj) preparations. Some difficulty 
was experienced in securing motility in these cultures that had been 
carried in artificial media for a long time. 


GROWTH CHARACTERS ON VARIOUS MEDIA 


Colony characters determined on nutrient agar after 5 days at 
room temperature were as follows: Growth, rapid; form, circular; 
surface, smooth; elevation, convex; edge, entire; internal structiire, 
finely granular; chromogencsis, white to pale yellow; deep colonies, 
lense-shaped ; well-isolated colonies, about 10 to 12 per plate, 7 mm 
in diameter. . * t a i. 

Colony characters determined on plain gelatin after 5 days at 
room temperature showed the following character: Growth, rapid; 
form, circular; edge, erose; liquefaction, cup; internal structure, 
finely granular. Liquefaction occurred on the fourth day. 

Agar strokes on nutrient agar incubated 2 days at room temperature 
had the following characters: Growth, abundant; form of growth, 
filiform; elevation, convex; luster, glistening; surface, smooth; odor, 
absent; chromogenesis, white to pme yellow; consistency, butyrous; 


I These isolations were made by Dr. J. A. nninT Turwuir Manual or 

* Society of American Bactsbioloqists, Committee of Bactehioloqi^l technhj. ^ 
METHOPa FOR FURR CULTURE STUDY OF BACTERIA. [Looseleaf, See 1933 supplement,] Geneva, « . x . iwi 

* The measurements were made by Mary Jacobson. 
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medium, unchanged; optical character, translucent. Studies made 
on 2-percent glucose nutrient agar, 2-percent starch agar, and yeast- 
infusion glucose agar showed the same characters. 

Potato plugs incubated at room temperature for 24 hours showed 
bacteria] characteristics resembling those on nutrient agar. The 
potato plugs were gray in 72-hour-oId cultures. 

Stabs in plain gelatin were incubated at room temperature. 
Liquefaction occurred on the fourth day. On the sixth day, the 
type of hquef action was crateriform; and on the tenth day, stratiform. 

Growth of the organisms was made in 24 hours in nutrient broth. 
The medium was snghtly cloudy; a small amount of sediment was 
formed which was viscid on agitation. There was no odor. The 
same was true of organisms grown in 2-percent glucose broth. 

The diastatic action of the organisms was determined on 0.2 per- 
cent starch agar. When abundant growth appeared, the plates were 
flooded with a saturated iodine solution in 50-percent alcohol. Clear 
zones appeared measuring about 7 mm, indicating diastatic action. 
This is particularly interesting in relation to the results from sugar 
fermentation. 

Transfers made to litmus milk and kept at room temperature showed 
the following: 

2 days, no color change; 2-mm serum zone. 

4 days, no color change; 6-mm serum zone. 

7 days, change in color from lavender to tan (with the exception of two 
organisms, lavender to browm); 15-mm serum zone. 

10 days, same color change as on seventh day; 15-mm serum zone. 

14 days, entirely clear except for sediment. 

Transfers were spread on milk-agar plates (nutrient agar with 1 cc 
litmus milk) and incubated at room temperature for 2 days. Giant 
colonies were formed, surrounded by clear zones. These plates were 
flooded with 10-percent acetic acid. No precipitation occurred in 
the clear zones, indicating that digestion had taken place. 

Nitrate broth was seeded and kept at room temperature. Readings 
were made after 1, 2, 4, 7, and 10 days for ammonia, nitrites, and 
nitrates. Growth was obtained in 48 hours. Tests with Nessler's 
reagent showed the presence of ammonia on the fourth day. More 
positive reactions for ammonia were obtained on the seventh and 
tenth days. Tests with Trommsdorf^s reagent were negative for 
nitrites; and tests made with diphenylamine showed that nitrates 
were still present. Cultures in nitrate broth were uniformly cloudy; 
sediment formed was viscid on agitation; odor, absent. 

Studies were made of sugar fermentation in a yeast-infusion mineral- 
salt medium with the following composition: Magnesium sulphate 
(MgS 04 . 7 H 2 O), 0.2 g; dipotassium phosphate (K 2 HPO 4 . 3 H 2 O), 
0.2 g; sodium chloride (NaCl), 0.2 g; calcium cldoride (CaCh), 0.1 g; 
yeast infusion (20 percent), 50 cc; carbon source, 5 g; and distilled 
water, 950 cc. The reaction was adjusted to pH 6.8. A neutral 
solution of the carbon source was sterilized sepai’ately and added 
aseptically. The organisms were grown for 7 days at room tempera- 
ture in this medium, with, respectively, 0.5 percent of pectin, lactose, 
dextrin, mannitol, sucrose, mdtose, glycerin, levulose, salicin, starch, 
galactose, inulin, and glucose. Determinations of the hydrogen-ion 
concentration were then made with the common quinhyorone equip- 
ment. The results of one representative series of tests appear in 
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table 1 . Some acid was found only with the gdactose medium and 
even this was within the range which carbon dioxide might induce. 
The reaction commonly became slightly alkaline, doubtless because 
of utilization by the bacteria of the yeast infusion. The ^owth 
developed suggests that the various materials were employed with the 
formation of relatively neutral products. The action on starch in 
relation to the action on various sugars is noteworthy. For the pur- 
pose's of the present study, quantitative measure of sugar utilization 
and of carbon dioxide production did not appear necessary. 

Table 1. — Summary of reactions induced by various single-cell strains of alfalfa leaf 
spot bacteria incubated 7 days at room temperature in yeast-infusion mineral-salt 
liquid media containing staled sources of carbon, i 


Uydrugen-ion concentration from strain no — 


Substance tested 


d-fructose-.- 
d-galactose 
(i-ghujose- . 

Sucrose 

Maltose.. . 

Lactose 

Starch 

1 uulln 

Dextrin 

Pectin 

Olycerol- .. 
Mannitol-. 

'Salicin 

None 


2 

3 

7.0 

7.0 

* 6 4 

O.fi 

0.8 

7.0 

7 4 

7.1 

7.3 

7.2 

7.1 

7.1 

0 7 

6.7 

7.4 

7.3 

7.2 

7.3 

7.0 

6.8 

7.4 

7 1 

7.6 

7 6 

7.4 

7.3 

7.4 

7.4 


6 

Control 

7.1 

6.6 

6.7 

6 7 

6.7 

6.4 

7.2 

6.8 

7.2 

7.1 

7.3 

6.5 

6.7 

6 7 

7.4 

6.6 

7.2 

7.1 

7.1 

6..*) 

7.3 

6.6 

7.5 

7.1 

7.4 

6 7 

7.6 

6.6 


— 


1 There was no growth in the unseeded controls and slight growth in 
except t he yeast infusion. In the starch medium, turbidity apjieared only m the J;?, 

medium. In all other cases relatively dense turbidity and compact sediment, viscid on agitation, indicated 
good growth. Two other trials gave comparable r^ults. 

The suitable temperature for growth was determined with nutrient 
agar stroke cultures incubated at the following temperatures. 4 , 8 , 
12° 16° 20° 24° 28°, 32°, and 36° C. These cultures were meubated 
for 1 week, with the following results: At 4° and 36°, scanty growt , 
at all other temperatures, abundant growth. In a repetition ol tbe 
test after incubation for 2 days the results were: No growth at , 8 , 
and 36°; scant growth at 12° and 16°; and moderate growth at 20 , 
abundant growtl at 24°, 28°, and 32°. In 7 days the results were 

No growth at 36°; scant growth at 4° and 8 ; 

12°, 16°, 20°, 24°, 28°, and 32°. These studies indicate that the most 
rapid growth of these bacteria on nutrient agar is made between 24 

NSrient-agar shake cultures were used to study the require- 

ments of the Organisms. A suspension of the organism was prepared 
and three successive loop dilutions of the suspensio , , 

successive tubes. A small amount of the agar .^^ake cultures^^^^^^ 
tubes 1, 2, and 3, respectively, was ^mwn up into different stente 
capiUary tubes, leaving a clear space at each ' 

Three capillary-tube cultures and three j incubated at 

with suiteble controls were made for each o^^^onlv to Jhe upper 
room temperature. After 10 days 

layer of medium in the test tubes ; and only at the ends m the cap ry 
tubes, indicating that the organisms are aerobes. 
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The c^racters of this alfalfa leaf spot organism do not appear 
sinailar to those given in any description found for a bacterial plant 
pathogen. When compared with Phytomonas medieaginis, in addition 
to the difference in symptoms induced, there appear important bac- 
teriological differences. For example, in contrast mth the characters 
given in this paper, Sackett * reported that P. medimginis was doubt- 
ful in relation to the Gram stain, made grayish-white growth on agar, 
did not liquefy gelatin, did not digest starch, did not form ammonia 
from nitrate, and produced no change in Utmus milk except to make 
it blue. 

TECHNICAL DESCRIPTION 

This organism is named and briefly characterized as follows: 

Phytomonas alfalfae, n. sp.^ 

Organism a rod, average 2.14 /x by 0.45 /x, motile by one flagellum, Gram- 
negative, not acid-fast, apparently without spores or capsule. On nutrient agar 
after 5 days at room temperature colony characters were: Growth, rapid; form, 
circular; surface, smooth; elevation, convex; edge, entire; internal structure, finely 
granular; chromogenesis, white to pale yellow; well-isloated colonies, 7 mm in 
diameter; deep colonies, lense-shaped. Gelatin liquefied. Trace of acid formed 
in yeast-infusion mineral-salts medium with galactose. No change or an alkaline 
reaction with 12 other sources of carbon. Starch hydrolyzed. Ammonia formed 
slowly in a nitrate medium. Litmus milk cleared in 2 weeks with digestion of the 
casein. No growth where atmospheric oxygen was excluded. Growth at tem- 
peratures between 4® and 32® C. ; most rapid growth between 24® and 32®. Organ- 
ism causes leaf spots on alfalfa. 


SUMMARY 

A bacterial leaf spot of alfalfa, apparently new to science, has been 
observed at Madison, Wis. The symptoms and isolation and inocu- 
lation studies are described. On the basis of the morphological and 
physiological characters of single-cell isolations from six cultures of 
the organism, it is described as a new species and the name Phytomonas 
alfalfae is suggested. 

« Sackktt, W. O. a bacterial disease or alfalfa. Colo. Agr. Expt. Sta. Bull. 168, 32 pp., illus. 1010. 

> Synonyms according to other systems of classification in use among plant pathologists are Psevdonimaa 
alfalfae and Bacterium alfalfae. 
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By J. C. Walkbe, profettor of plant pathology, Univeraity of Wisconsin, and 
agent. Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture, and R. H. Larson, assistant 
in plant pathology. University of Wisconsin * 


INTRODUCTION 


In a previous publication ^ the writers reported comparative studies 
of the effect of calcium hydrate (Ca(OH)2), calcium carbonate 
(CaCOa), and certain other compounds, when applied to infestecl soil, 
upon infection of cabbage by the clubroot organism {Plasmodiophora 
brassicae Wor.). It was shown that, in well-watered soil in the 
greenhouse, infection was reduced perceptibly when the reaction of 
an acid soil was changed to about pH 7.0, and it was usually inhibited 
completely at pH 7.2 and above. In the field even heavier applica- 
tions of Ca(OH)2 and CaCOa often ftuled to control the disease 
although the reaction of the soil was maintained at pH 7.0 or above. 
When soil was removed from such field plots, however, and tested 
by growing cabbage plants upon it in the greenhouse, inhibition of 
the disease was usually complete. The difference between field and 
greenhouse environments, therefore, appeared to influence the effec- 
tiveness of these materials upon clubroot development. 

The present paper is a report of a comparative study of Ca(OH)2 
and calcium cyanamide (CaCN2) upon clubroot infection. When 
applied to moist soils CaCN2 undergoes hydrolysis as a result of which 
Ca(OH)2 and urea (CO(NH2)2) are formed. Before hydrolysis is 
complete, the cyanamide anion (CN2) may be toxic to higher plants. 
Cyanamide disappears from the soil solution more slowly in some 
soils than in others, and the factors which influence this change have 
been studied recently by Fink In normal soils urea is ammonified 
rapidly and at this stage a marked increase in alkalinity or decrease 
in acidity results because two basic substances, Ca(OH)2 and (NH4)2- 
CO3, have been produced. When nitrification of the latter takes 
place, there should be no change in reaction because there is sufficient 
Ca in the CaCN2 to combine with the nitric acid foniied. The extent 
of the influence of the addition of CaCN2 to a soil on the reaction of 
that soil will thus depend on soil conditions and the time that has 
elasped since the addition. In the case of very acid soils, a marked 
decrease in acidity should result for some time, because the soil acids 
will combine witii the free lime and ammonia as soon as they are 


* Received for publication Apr. 9, 1936; issuetl September 19 ^. CMperatl^ inv^tig^tons^ the 
partment of Plant Pathology. University of Wisconsin, and the Division 

and Diseases, Bureau of Plant Industry, IJ. S. Department of Agriculture. Supported in part by a grant 
^^he autSwS indSb^ U) Prof. Emil Truog, I>epartment of Soils, University of Wisconsin, for helpful 

R. H., and Walker, J. 0. soil treatment in relation to clubroot op cabbage. Jour. 

S. ^soiL pSjto^mw prevent toxicity op calcium cyanamide. Jour, Amer. Soc. Agron. 

26: 929-939, iUus. 1934. 
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formed and hold on to the ammonia with considerable tenacity, thus 
slowing up its further change to nitric acid. 

The fact that CaCN 2 when applied as a nitrogen fertilizer reduces 
acidity or increases alkalinity of the soil has led to an interest in its 
value as a clubroot inhibitor. Both greenhouse and field experiments 
were carried out to determine its effectiveness on southern Wisconsin 
soils. 

GREENHOUSE EXPERIMENTS 

Two series of greenhouse pot tests were conducted. Naturally 
infested Carrington silty clay loam soil from the Miller farm, Kenosha 
County, Wis., was used in 2-gallon earthenware crocks. Six kilo- 
grams of soil were weighed out lor each crock and the desired amount 
of chemical was thorouglily mixed with the soil. The rates of appli- 
cation are given on the basis of pounds per surface acre; 0.385 g per 
crock was approximately equal to 100 pounds per acre. Since the 
cyanamide anion (CN 2 ) is toxic to plants, it is necessary to delay 
planting for a sufficient period after the anplication of CaCN 2 to 
allow complete hydrolysis and the removal of CN 2 from the soil 
solution. Cabbage {Brassica oleracea capitata) seedlings were trans- 
planted to the crocks 2 weeks after treatment. The soil moisture 
was kept at about 75 percent of the water-holding capacity for 5 
weeks, after which period the plants were removed and examined. 

In the greenhouse experiments Ca(OH )2 and CO(NH 2)2 were 
included. The amounts applied were so arranged as to compare a 
given amount per acre of CaCN 2 with (1) the approximate amount of 
Ca(OH )2 it would yield upon hydrolysis in the soil; (2) the approxi- 
mate amount of CO(NH 2)2 it would yield; and (3) those amounts of 
Ca(OH )2 and CO(NH 2)2 applied together. Thus, for example, 125 
pounds of CaCN 2 yields, when completely hydrolyzed, 87.5 pounds of 
Ca(OH )2 and 62.5 pounds of CO(NH 2 ) 2 . 

The results of the first series are given in table 1. The plants in the 
untreated soil were all infected. As increasing amounts of Ca (011)2 
were added, infection was gradually reduced until none occurred at 
525 pounds per acre or more. When CO(NH 2)2 was added at the rate 
of 125 pounds per acre together with Ca(OH )2 at the rate of 175 
pounds, no infection occurred; while in the pots containing Ca(OH )2 
at the rate of 175 pounds without urea, 66.7 percent infection occurred. 
It was evident, therefore, that urea, probably through its rapid 
conversion to (NH 4 ) 2 C 03 , had a decidedly toxic effect upon Ptas- 
modiophora hrassicae. Urea was not used alone in this series. CaCN 2 
was competely inhibitive at 250 pounds and above. 

In the second series (table 1), smaller applications were included and 
various amounts of urea alone were used. Again complete inhibition 
with Ca(OH )2 was not attained below 525 pounds per acre. No 
infection resulted when 250 pounds per acre or more of CO(NH 2)2 
was applied. The pronounced effect of urea is shown when Ca(OH )2 
alone and Ca(OH )2 plus urea are compared. Ca(OH )2 at 175 pounds 
permitted 66.7 percent infected plants; CO(NH 2)2 at 125 pounds per- 
mitted 29.2 percent; the two conibined in the same respective amounts 
permitted 20.8 percent i. e., approximately the same amount as urea 
alone. Ca(OH )2 at 350 pounds allowed 33.3 percent infected plants; 
C0(NH2)2 at 250 pounds, no infection; the two applied together 
resulted in no infection. 
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Tablb 1.— revive effect of calcium hydrate, urea, and calcium cyanamide 
upon injectton of cabbie by Plasmodtophora brassicae when applied to the soil 
under greenhouse conditions; series 1 and 2 

SERIES 1 


Chemical applied 


None. 


ra(OH) 2 . 


Ca(OH) 2 ... 
ro(NU2)2 - 

Ca(OH) 2 --- 

C0(NH2)2-. 

Ca(OH) 2 .-- 


Quantity 


Poundf 
per acre 


176 

360 

626 

700 

1,060 

175 

125 

360 

260 

625 


Plants 

tested 


Number 

60 

30 

30 

30 

30 

30 

[ 30 

[ 30 

30 


Plants 

diseased 


Percent 

100 

66.7 

23.3 

0 

0 

0 

0 

0 


Chemical applied 


C0(NH2)2. 

Ca(OU)j.. 

C0(NH2)2. 

Ca(0H)2.. 

C0(NH2)2. 

CaCN2— . 


Quantity 


Pounds 
per acre 
375 
700 
500 
1,060 
750 
260 
600 
760 
1,000 
1,600 


Plants 

tested 


Number 

30 

[ 30 

[ 30 

30 

30 

30 

30 

30 


Plants 

diseased 


Percent 

0 

0 

0 

0 

0 

0 

0 

0 


(Chemical 

Quan> 

Soil re- 

Plants 

applied 

tity 

action > 

tested 


Pounds 
per acre 

pll 

Number 

None 


6.4 

72 


H7.S 

6.4 

24 

ra(Oil )2 

176.0 

350.0 

6.6 

6.8 

24 

24 


626.0 

7.0 

24 


62 5 

6.4 

24 


126.0 

6.6 

24 

rO(NHa)2 

250.0 

6.8 

24 


375 0 

6 8 

24 


1,000.0 

7.2 

24 

Ca(OH)j. .. . 

87.6 

1 6.6 

24 

C0(NH2)2. . . 

02.5 


SERIES 2 


Plants 

■ Chemical 

Quan- 

Soil re- 

Plants 

Plants 

diseased 

applied 

tity 

action > 

tested 

diseased 



Pounds 




Percent 


per acre 

pll 

Number 

Percent 

100.0 

C8(0H)j 

175.0 

24 

20.8 

83.3 

CO(NH2)a 

125 0 

1 6.6 

66.7 

Ca(OH)* 

360. 0 

} 6.8 

24 


33.3 

C0(NH2)2 

250.0 

0 

0 

C8(0H)2 

525 0 

1 6.8 

24 


58.3 

C0(NH2)2 

375.0 

0 

29.2 

0 

CaCOH); 

roCNHah-.,- 

1,050.0 

750.0 

} 

24 

0 

0 

125.0 

6.7 

24 

12.6 

0 

CaCNa 

250.0 
.600. 0 

6.8 

7.1 

24 

0 

0 

62.5 


24 


750.0 

7.3 

24 

0 


1 At ttie clase of the ext>eriment. 


The next point of interest is the comparison of CaCN 2 with the 
combined effect of its products of hydrolysis, Ca(OH )2 and CO(NH 2 ) 2 . 
It has been pointed out that before hydrolysis is complete the CN 2 
anion is toxic to higher plants. Nothing is known of its toxicity to 
the clubroot organism, but it may be expected that some reduction 
in the infestation might occur because of the presence of CN, before 
complete hydrolysis. That such is the case is indicated in the results. 
OaCNi at 125 pounds reduced infection to 12.5 percent, while the 
proportionate amounts of Ca(OH )2 (87.6 pounds) and COfNH,^ (62.5 
pounds) applied together reduced it to only 62.5 percent. CaCN, at 
250 pounds reduced infection to nil, while the proportionate amounts 
of Ca(OH )2 (175 pounds) and CO(NH 2)2 (125 pounds) applied 
together, permitted 20.8 percent infection. _ , 

It is indicated in these experiments that CaCN, is approximately 
equal to urea and about twice as effective as Ca(OH )2 m controlling 
clubroot. Specifically, 250 pounds of CaCN,, 250 pounds of 
C0(NH2)2, and 525 pounds of Ca(OH )2 each completely inhibited 
infection. 
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FIELD EXPERIMENTS 

Field trials were conducted in 1933 and 1934 at Franksville, Wis., 
and on the Miller farm near Somers. The soil at both of the locations 
has been previously described/ 

The first series at the Franksville field (referred to as series 1) was 
on part of the plot used in former experiments. A portion of this area 
had received 2% tons of Ca(OH )2 in the autumn of 1930, but little or 
no control of clubroot was secured in the following year. The entire 
area received an application of 220 pounds of UaCN 2 per acre in 
November 1932. It was divided into nine parts, each 9 rods by 1 rod 
in dimension. To certain of these nine plots CaCN^ was applied on 
May 24, 1933. To other plots Ca(OH )2 was applied on June 26, 1933. 
In this and subsequent field experiments the materials were incorpo- 
rated into the soil by very thorough disking immediately following 
application. The soil was disked and dragged again just before 
transplanting. The entire area was planted on July 11. No fertilizer 
other than CaCN 2 was applied. On September 28, plants were pulled 
and the amount of clubroot recorded. The same area was planted in 
1934 without any further addition of lime or cyanamide. The results 
are given in table 2. 


Table 2. — The effect of various amounts of calcium hydrate and calcium cyanamide 
on clubroot infection in the field; Franksville series 1 





1933 results 



1934 results 


Chemical applied 

Quantity 

Soil 

reaction! 

Plants 

examined 

Plants 

diseased 

Soil 

reaction > 

Plants 

examined 

Plants 

diseased 


Pound9 
per acre 

pH 

Number 

Percent 

pH 

Number 

Percent 

None 

6.2 

170 

79.4 

6.8 

100 

55 


220 

6.2 

167 

64.1 

6.5 

100 

94 


440 

6,2 

183 

63.9 

6.5 

100 

88 

CaCNa 

<440 

6.6 

151 

21.2 

7.2 

100 

34 


880 

6.3 

174 

86.2 

6.6 

100 

56 


>880 

6.2 

150 

8.0 

7.2 j 

111 

27 


>2,000 

6.4 

158 

22.2 

7.0 

100 

28 

Ca(OH )3 

3,000 

6 8 

171 

24.6 

7.0 

100 

51 


4,000 

7.0 

185 

16.8 

8.0 

100 

18 


1 At the end of the growing season. 

> These plots had received an application of 2^ tons of Ca(OH)a in the fall of 1930. 


As pointed out earlier * with Ca(OH) 2 , the behavior of neutralizing 
substances as clubroot inhibitors in the greenhouse is no indication of 
their success in the field. The untreated soil in this series was essen- 
tially the same in reaction as that used in the greenhouse experiments. 
Five hundred and twenty-five poimds of Ca(OH )2 per acre was suffi- 
cient to completely check clubroot in the greenhouse, but 4,000 poimds 
in the field still permitted some infection. Two hundred and fifty 
pounds per acre of CaCN, in the greenhouse prevented infection, but 
880 pounds in the field did not inhibit the parasite completely. 

Ca(OH )2 at the rate of 4,000 pounds per acre gave ^ood control in 
1933 and in 1934. Three thousand pounds reduced infection fairly 
well in 1933, but this plot showed a decided increase in infection in 
1934. Con trol on the 2,000-pound plot was nearly as good as on the 

• Lamon, B. H., wad Waucer, J. O. Sm tootnote 8. 
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4,000-pound plot, but the former had received an application of 
Ca(OH)a in 1930. 


CaCNa was commercially effective only in the 440- and 880-pound 
applications on plots where Ca(OH )2 had been applied -in 1930 
Wliere lime had not been applied previously, the CaCN, plots showed 
high percentages of clubroot infection in both 1933 and 1934. 

In 1934, 22 plots, 2 by 3 rods in dimension, were laid out in the 
Franksyille field (series 2). They are fisted in table 3 in their order 
of position, and the type of treatment in each is indicated. The soil 
reaction in each plot was determined before any treatment was made 
and again after the crop was harvested. CaCNj and Ca(OH )2 were 
applied on May 4. At the time of planting, on June 21, 0-9-27 
fertilizer was applied in the row at the rate of 300 poimds per acre. 
Favorable weather prevailed immediately after transplanting, but 
the following 2 months were decidedly deficient in rainfall. Growth 
was therefore very slow and the midseason variety used, Marion 
Market, produced small heads. After harvest (Sept. 11) 100 plants 
in each plot were pulled and examined for the occurrence of the 
disease on the roots. 


Table 3. — The effect of various amounts of calcium hydrate and calcium cyanamide 
on clubroot infection in the field; Franksville series 19S4 

INDIVIDUAL PLOTS 





Soil reaction 

Clubroot- 

Yield 

Plot no. 

Chemical applied 

Quantity 

Before ap> 
plication 

After 

harvest 

infected 

plants 

per 

acre 

1 ^ 

None 

Pounds 
per acre 

pH 

6.2 

pn 

6.2 

Percent 

69 

Tons 

4 0 

2 j 

Ca(01J)a 

1.600 

6.2 

7.4 

36 

4.0 

3 

CaCNa i 

200 

e.2 

6 6 

32 

4.1 

4 :i 

None - 

6.1 

6.2 

50 

4.1 

6 i 

CaCNa 

400 

6.2 

7.0 

66 

5.3 

6 . ... 

do,-- - 

800 

6.8 

7.4 

58 

6.1 

7 

None — * 

7.0 

6.8 

64 

5..*i 

H 

Ca(OH)j - 

1,500 

6.9 

7.6 

59 

5.2 

» 

CaCNa 

200 

6.2 

6.8 

55 

4,6 

10 

None _ 

6.3 

&2 

72 

5.9 

11 

CaONi - 

400 

6.2 

6.7 

44 

6.7 

12 

do.. - 

800 

6.1 

7.2 

20 

6.5 

13 

None - . - 


6.1 

6.2 

54 

5.1 

14 

Ca(OH )2 

i,500 

0.1 

7.6 

50 

5.5 

15 

CaCNi. 

200 

6.8 

6.7 

74 

7 1 

16 

None . - 


6.6 

6.6 

80 

5.7 

17 

CaONj 

400 

6.3 

7.0 

57 

4.8 

18 

do - - -- 

800 

6.1 

7.2 

32 

4.4 

19 

Ca(OU)j 

1,600 

8.9 

7.8 

!? 

5.6 

20 

CaCNa 

200 

6.2 

6.7 

76 

4.8 

21 

None -- - -- 


6.8 

6.5 

55 

4.0 

22 

CaCNa 

400 

6.1 

6.8 

65 

4.0 









AVERAGES FOR NUMBER OF PLOTS INDICATED 


7 



6.4 

6.4 

63 4 

4 

Ca(OU)a 

1,500 

6.3 

7.6 

46. 8 

4 

CaCNa 

200 

6.4 

6.7 

59. 3 

4 

do - 

400 

6.2 

6.9 

58.0 

3 

_ __do - 

800 

6.3 

7.3 

39. 7 








Clubroot was by no means held in check completely in any of the 
plots. There was considerable variation between duplicate plots of 
the same treatment. The untreated plots varied from 50 to 80 
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percent in the number of diseased plants; the Ca(OH )2 treatment 
varied from 36 to 59 percent; the 200j)ound CaCN, treatment from 
32 to 76 percent; the 400-poimd CaCN 2 treatment from 44 to 66 

S rcent; and the 800-poimd CaCN 2 treatment from 29 to 58 percent. 

le variability rather detracts from the value of the dinerences 
between the averages for each treatment. Certainly there is no 
significant difference between the 200- and 400-pound treatments of 
CaCN 2 and the control. The hydrate treatment and the 800-pound 
cyanamid treatment changed the soil reaction to alkaline and seem 
to have reduced infection distinctly although not by any means 
completely. , , 

The yields from the various plots show no consistently significant 
differences between treatments. This may be due in part to the 
poor conditions for growth. 

The third trial in 1934 was on the Miller farm. Plots were laid 
out in a portion of the field which was known to have shown clubniot 
when it last grew cabbage several years before (about 1930). At 
that time it had received an application of 1,000 poimds of Ca(OH )2 
per acre. In the fall of 1933, 20 loads of manure per acre were 
applied. CaCN 2 was applied on May 12 and disked m thoroughly. 
At the time of planting, on July 10, 125 pounds of 3-12-12 fertilizer 
per acre were applied in the row. Wisconsin All Seasons, a late 
yellows-resistant sauerkraut variety, was used. 

As a result of the low rainfall in July and August, growth was very 
slow. During September and October precipitation was fairly 
abundant. The remainder of the growing season, however, was not 
long enough and at harvest on October 31 many heads were still 
soft and immature. On this date a 6-rod strip in the central three 
rows of each plot was harvested and weighed. Fifty plants in each 
were pulled and examined for disease. In table 4 the order of the 
plots m the field is maintained. The reaction of the soil originally 
was about the same as that of the Franksville soil. The 825-pound 
treatment was the only one which brought the soil to neutrality. 
There is rather conclusive evidence here that the two heaviest treat- 
ments reduced clubroot infection materially. As at Franksville, 
however, there was no measurable benefit of calcium cyanamide in 
increasing yield. 

Table 4. — The effect of various amounts of calcium cyanamide on clubroot infection 
in the field; Miller series ^ 1934 



Kate of 

Soil reaction 

Club- 

root 

infec- 

ted 

plants 

Yield 

per 

acre 

Plot no. 

CaCna 

applica< 

tion 

Before 

applica< 

tion 

After 

harvest 


Pounds 
per acre 

pir 

pll 

Percent 

Tons 

1 

None 

6.1 

6.2 

62 

7.4 

2 

200 

6.3 

0.5 

44 

11.5 

3 

None 

6.2 

0.3 

56 

13.7 

4 

400 

6.0 

6.7 

14 

16.9 



Rate of 

Soil reaction 

Club- 

root 

infec!- 

ted 

plants 

Yield 

per 

acre 

Plot no. 

CaCna 

applica- 

tion 

Before 

applica- 

tion 

After 

bar\'est 


Pounds 
per acre 

pu 

pll 

Percent 

Tons 

6 

None 

6.0 

6.2 

30 

14.2 

6 

825 

6.1 

7.0 

6 

12.7 

7 

None 

0.1 

0.2 

65 

8 b 


DISCUSSION 

The potential value of CaCN 2 in the control of clubroot can be 
estimated best from the greenhouse pot tests since the conditions 
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under which they were conducted probably approach the optimum 
both for the activity of the parasite and for hydrolysis of the chemical. 
In these tests CaCSr 2 at the rate of 125 pounds per acre was somewhat 
more effective than Ca(OH )2 at the rate of 350 pounds per acre. 
CaCNa at 250 pounds completely inhibited infection, while this 
degree of control by Ca(OH )2 was not reached until 525 pounds per 
acre was applied. 

A given amount of CaCNg was decidedly more effective than the 
corresponding amounts of Ca(OH )2 and CO(NH 2)2 derived from its 
hydrolysis. This fact suggests that CaCNz affects the clubroot 
organism not only through the basic substances formed from it but 
also through the toxic effect of the CN 2 anion in the soil solution 
before hydrolysis is complete. 

Under field conditions in southern Wisconsin in 1933 and 1934 
much heavier applications of CaCN 2 and of Ca(OH )2 did not com- 
pletely control clubroot even though the materials were worked into 
the soil quite thoroughly. As earlier pointed out in comparative 
greenhouse and field experiments , with Ca(OH) 2 , field environment 
appears to influence greatly the effectiveness of CaCN 2 as a clubroot 
inhibitor. Where Ca(OH )2 had been applied to the soil 3 or 4 years 
previously, 400 to 800 pounds of CaCN 2 per acre was fairly effective 
(Franks vilie series 1 and Miller series), although conmlete control 
was not attained. The results show, however, that CaCN 2 has some 
value and from the limited results obtained in the field and greenhouse 
it appears to be about twice as effective pound for pound as Ca(OH) 2 . 
Where a nitrogen fertilizer is needed, it can be used together with 
lime as a corrective for soil acidity with the expectation that condi- 
tions for clubroot infection will be made less favorable, and the 
completeness of control will be influenced by the soil environment. 


SUMMARY 

A study was made of the influence upon cabbage-root infection of 
CaCN 2 when applied to clubroot-infested soil. 

In greenhouse tests with soil having a reaction of pH6.4, CaCN 2 at 
the rate of 250 pounds per acre prevented infection while 525 pounds 
of Ca(()H )2 was required to accomplish the same effect. 

When CaC^No was compared with corresponding amounts of 
Ca(OH )2 and CO(NH 2)2 rc'sulting from its hydrolysis, the fungicidal 
value of CaCN 2 was greater, indicating that its toxicity is due not only 
to the basic substances formed from it, but also to the CN 2 anions in 
the soil solution before hydrolysis is complete. • r 

Much higher quantities of CaCN 2 were required to rediu^e infection 
in the field than in the greenhouse, which is similar to resmts seemed 
with Ca(OH )2 earlier and in this series of experiments. Tins dilter- 
ence is interpreted as due to the influence of soil environment upon 
the effectiveness of both of these chemicals. . . nxr 

The results in the greenhouse and in the field indicate 
is roughly about twice as effective, pound for pound, as Ua^Uii ;2 
in reducing the amount of clubroot infection. 

In cases where soil acidity needs to be corrected in order to reduc 
clubroot infection, CaCN 2 can be used up to the point where the 
need for available nitrogen is satisfied If a still larger 
neutralizing element is required, Ca(OH )2 should be used to supp 
ment the cyanamide. 

O 
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A PHYSIOLOGICAL STUDY OP CRACKING IN 
STAYMAN WINESAP APPLES* 


By Leip Vernbr 2 

Assistant horticulturist, West Virginia Agricultural Experiment Station 
INTRODUCTION 


Cracldng of fleshv fruits while still attached to the parent plant 
occurs in many cultivated species. In sweet cherry, apple, plum, 
peach, grape, strawberry, and some citrus fruits this kind of injury 
is sometimes so extensive as to result in great economic loss to growers. 
Rapid deterioration usually follows the exposure of the ruptured 
tissues to the air, and the injured fruit becomes worthless of or inferior 

f rade. Losses of this nature amounting to as much as 75 percent 
ave been observed by the writer in commercial orchards of sweet 
cherries, apples, and plums. Many fruits, on the other hand — such 
as sour cherry and some varieties of apple — seldom exhibit this 
phenomenon. In many fniits there are wide varietal differences in 
the extent to which cracking occurs under apparently similar envi- 
ronmental conditions. 

The present paper deals primarily with cracking of the skin and 
underlying tissue in the fruit of the Stayman Winesap apple. Most 
of the observations and experiments were made in 1932-33 at the 
West Virginia University Experiment Farm at Keameysville, and in 
1933-34 at the Laboratory of Plant Physiology of the Johns Hopkins 
University. 

In this study cracking has been observed extensively in only two 
varieties of apples, the Stayman Winesap and the York Imperial. 
In the Stayman Winesap cracking occurs largely on the cheeks of 
the fruit in the form of irregular breaks in the skin and underlying 
flesh (fig. 1). Individual cracks vary from almost invisible short slits 
to cracks several millimeters deep that extend in an approxi.mately 
horizontal plane entirely around the fruit. There is no marked 
predominance of cracks in any particular plane in relation to the long 
axis of the fruit. Late in the growing season cracks originating near 
the fruit stem and extending outward in nearly straight meridional 
lines towards the cheeks are co.m.monly observed. Cracks around 
the calyx basin are rare. In the York Imperial, cracks originating 
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Figure l.—Oharacterlstic cracks in Stayman Winesap apples: A, Healed crack; B, D, and E, cracks 
originating in regions of russet; C, cracks originating in regions deformed by apple scab lesions; F, cracks 
originating in or near the stem depression. 
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at the calyx and extending like meridians toward the cheeks have been 
predominant in several hundred cracked specimens examined. Cracks 
in the stem cavity are also common in this variety, but on the cheeks 
of the fruit they are of much less frequent occurrence in the York 
Imperial than in the Stayman Winesap. In many specimens of Stay- 
man Winesap, and in a few specimens of York Imperial, cracks that 
originated early in the season, when the apple was not nearly full 
grown, usually healed by suberization. 

REVIEW OF LITERATURE 

It has commonly been stated or implied that cracking of fruits 
is caused by a great and sudden increase in the water content of 
the soil, and that maintenance of a nearly constant soil-moisture 
content about the tree roots throughout the season of fruit growth 
should prevent cracking or greatly limit its severity. Discussing 
water relations of deciduous fruits in general, Chandler (5, p, 165y 
states that “Certain injuries, such as cracking of the fruit, may result 
from a heavy irrigation late in its development, if growth has been 
checked by lack of water earlier.'^ * 

Gardner, Bradford, and Hooker {12y p. 83) say that splitting is 
“most likely to occur shortly before maturity when rains follow a 
period of drought during which the fruit has been checked in its 
powth ♦ ♦ Heavy, late irrigation following a long dry season 

has the same effect. These writers suggest that a previous retarda- 
tion of growth may render the fruit skin less able to expand rapidly 
in response to increased pressure within, thus predisposing the fruit 
to cracking when the growth rate is suddenly accelerated. 

According to Heald (17, pp. 101-101): 

The rupturing of nearly mature, soft-skinned fruits, such as cherries, plums or 
tomatoes, when a rain follows a rather prolonged dry period is a fairly common 
phenomenon. These troubles have been proved to result from high sap pressure 
due to excessive water supply. 

It is not clear whether the term “sap pressure as used here refers 
to the vacuolar contents of the living cells in the region of the crack 
or to the contents of the tracheae which supply water to these cells ; the 
causes of excessive pressure in the two cases might be very different. 

Coit (9) discusses in some detail the development of splits in citrus 
fruits, with special reference to the navel orange. He says that these 
ruptures occur most frequently in the navel but are also found on the 
sides of the fruit, where they are associate^ with terratalogical cavi- 
ties or “seams'' in the skin. Regarding the causes of splitting in 
oranges, Coit states (5, p. 328): 

The most common theory in regard to the cause of splits is tliat an irregular 
water supply causing wide variations in the moisture content of the soil, produces 
a greater fluctuation in the growth of the interior than in the skin of the orai^e. 
Such a theory is quite reasonable, but such a cause should be regarded as contribu- 
tory only, inasmuch as only a part of the fruit on any given tree will split. 

Fawcett and Lee {11) point out that splits in citrus frmts are com- 
monly associated with diseased tissues, such as lesions due to AlUr^ 
naria citri or those accompanying the disease exanthema. In that 
disease the region of the oil vesicles in the rind is impregnated with 
gummy substances of the nature of pentosans, which, as these writers 

* Reference Is made by number (italic) to Literature Cited, p. 220. 
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suggest, may absorb water excessively when the water supply is 
plentiful and so cause rupture through abnormal swelling. 

Boussingault in 1873 (2) demonstrated the ability of fruits of 
cherry, plum, pear, grape, and other horticultural forms to absorb 
water through the skm when submei^ed for a long period. Hartman 
and BuHhs {16) reported that cracking of sweet cherries occurred in 
the Willamette Valley, Oreg., as a result of excessive water absorption 
by the fruit, either directlv through the skin in wet weather or by 
way of the root system ana vessels. 

In extensive experiments with different periods and amounts of 
irrigation, Verner and Blodgett (29) were unable to observe any 
relationship between soil moisture and cracking in the three varieties 
of sweet cherries with which they experimented, although they tested 
extremes of soil moisture far beyond those usually found in irrigated 
orchards. Sawada (21), wlio experimented in Japan on the splitting 
of sweet cherries, likewise concluded that extremes of soil moisture 
played no direct part in producing the injury. He flooded the soil 
about the root system of a potted tree bearing mature fruit, but tliis 
drastic treatment failed to produce cracking. 

Sawada was able to prevent cracking of sweet cherries on the tree 
by enclosing fruits in paraffined paper. By excluding rain by means 
of waterproof tarpaulins, Verner and Blodgett (29) succeeded in 
preventing the cracking of ripening fruit on large branches of sweet 
cherry trees in rainy periods, when severe cracking occurred on the 
exposed parts of the same trees. They concluded that cracking in 
this fruit was d\ie mainly to direct absorption of rain water through 
the fruit skin. When fniits were held for a time under water, high 
rates of water absorption and pronounced cracking were both found 
to be concomitant with high concentrations of solutes in the expressed 
fruit juice, this concentration being regarded as a rough measure of 
the osmotic value of the cell sap. 

Howard ^ states that he has observed splitting of sweet cherries in 
orchards at Mountain View, Calif., near San Francisco Bay, in periods 
of heavy fog without rain and without change in soil-moisture content 
through irrigation, and he suggests that tins phenomenon may have 
been due to a sudden increase in the rate of water supply to the fruits, 
which might result from a decrease in the rate of water loss from the 
leaves. He says that root pressure might, under such circumstances, 
promote cracking by causing water to be forced into the fruit tissues 
from the vessels. Kixford (20) states that figs have been observed 
to split under conditions of high atmospheric humidity without rain 
or irrigation. 

In the varieties of apples known as Cox Orange and Dunn, Camp- 
bell (7) and Goodwin (13) describe a russeting and cracking that led 
to great losses in the Nelson district of New Zealand. The latter 
writer, who describes the skin breaks of these apples as occurring 
only in conjunction with russeting or with lesions produced by the 
conothecium disease, considers the disorder as dependent upon general 
debility of the tree. 

Sorauer (23) discusses the rupture of fleshy plant parts in general, 
considering the causal relations to be much alike in the many different 
forms of this disorder that he mentions, including fruit cracking in 

♦ Howard, W. L. Correspondenoe. 1932. 
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cherry, plum, and grape, bursting of carrots and beets, and splitting 
of stems in kohlrabi, rape, bean, and potato. He says (23 y p. 322): 
‘^All these phenomena have one characteristic in common — that they 
are initiated only when, after a considerable period of normal devel- 
opment, or still more after a previous dry period, an unusual supply 
of water is given suddenly.^’ 

According to Graebner periods of drought result in the devel- 
opment of strengthening tissues, which usuaUv appear first in the 
xylem and phloem. Mechanically strengthened cells have, as a rule, 
lost their abilitv to divide and most of their capacity to enlarge. If 
the water supply is greatly increased after a dry period, in the course 
of which the growth ability of some cells has been lost or has been 
greatly reduced, then the meristematic groups quickly resume growth, 
but corresponding growth cannot occur in the strengthened cells. 
Resultant differences in growth rates between contiguous mechanical 
and meristematic tissues may thus lead to excessive tensions, and rend- 
ing of the mechanical tissue may ensue. 

In a recent study by Frazier *^ it was found that, tomatoes cracked 
most severely after heavy irrigation at the end of a prolonged dry 
period. Cracking was less severe in plots with frequent irrigation, 
which prevented ex(*essive drying of the soil, and it was least severe 
in plots where the soil-moisture content remained low throughout the 
growing season. wShaded fruits cracked much less than those exposed 
to the sun. 

Tracy (26) states that cracking of tomatoes may be prevented by 
enclosing the fruits when half grown in paper bags; but he pouits out 
that I, his treatment slightly impairs the flavor of the ripe fruit. 

METHODS OF EXPERIMENTATION 

The conditions that were studied in relation to cracking of apples 
may be divided into (1) external and (2) internal. The external 
conditions included those of weather (air temperature, air humidity, 
precipitation, evaporativity) and those of the soil, especially soil- 
moisture content. The internal conditions included rate of fruit 
enlargement, abnormalities of the peripheral region of the fruit, and 
freezing-point depression of the cortical tissue. 

WEATHER DATA 

Continuous records of temperature and relative humidity of the 
air were obtained throughout the growing season by means of a hygro- 
thermograph installed in a standard United States Weather Bureau 
shelter located about 400 feet from the experimental block of trees. 
Temperatures and percentages of relative humidity, read directly 
from the automatic records at 2-hour intervals, were tabulated and 
employed as basic data. Temperature readings were used without 
modification, but corresponding readings of relative humidity and 
temperature were combined to give values of the vapor-pressure 
deficit. 

Direct indices of the evaporating power of the air and of total sun- 
shine intensity were obtained by means of Livingston porous porcelain 
atmometers (l8y 19), both white and black spheres being used. The 
black sphere was of the new type, made of black porous porcelam. 

Fbazibr, W, a. a study of som* factors associated with the occurrence of cracks in the 
TOMATO FRUIT, 1933. (Ph. D. dlss. Unlv. Md.) 
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For 5 weeks in 1933, when the apples were thought most likely to 
crack, the black sphere was mountea on one end of an upright U tube 
of small bore (4 mm), the other end of which was joined to a vertical 
glass cylinder 3 cm in diameter and 24 cm high, open at the top, which 
seized as a reservoir for supplying the atmometer with distUled water. 
Within this cylinder was a light, cylindrical glass float filled with air 
and sealed. To this float was attached a small vertical vnre bearing 
a pen so adjusted that, as the float gradually descended in response 
to withdrawal of water from the reservoir, a continuous record was 
traced on a paper sheet borne by an upright, clock-driven drum. The 
slope of the tracing was thus a measure of the rate at which water 
evaporated from the standard black sphere. 

Depth of rainfall, measured by a standard United States Weather 
Bureau rain gage, was recorded at intervals not exceeding 24 hours. 

PROTECTION OP FRUIT PROM WETTING BY RAIN 

Because water absorption through the fruit skin in periods when 
the latter is covered with a film of liquid water — as during and follow- 
ing times of precipitation — might conceivably be among the conditions 
that lead to cracking, some apples were covered to protect them from 
wetting by rain. This was accomplished by spraying with mineral oil 
emulsions or fish-oil soap, by enclosing apples in paper or cellophane 
bags, and by covering large branches of apples with waterproof 
tarpaulins in times of rain. 

SOIL TREATMENT AND MEASUREMENT OP SOIL MOISTURE 

The soil in the experimental block of trees is a cl^ loam of good 
fertility belonging to the Hagerstown series (5). Throughout th(* 
periods of observation on cracking there was always a moderately 
good stand of volunteer growth of weeds and grasses, which was 
undisturbed at these times. 

In a region like West Virginia, which is subject to frequent and 
sometimes heavy summer rains, the experimental establishment of 
very marked differences in soil-moisture conditions in the field is 
very difficult, but an attempt was made to establish and maintain 
such soil-moisture differences among the experimental trees as were 
feasible. Throughout the periods when the likelihood of cracking 
was greatest, these differences were about as large as are ever found 
in orchards of this region. Special treatments with regard to soil 
moisture were as follows: (1) In 1933 the root system of one tree 
was deprived of the benefits of rains by diverting rain water from 
the root zone by means of waterproof tarpaulins supported on a 
wooden framework so arranged as to cover the soil area within and 
slightly beyond the spread of the branches, the intercepted water 
being discharged outside of that area. A marginal trench about 12 
inches back from the outer edge of the tarpaunn covering served to 
prevent water seepage into the covered area. This trench was about 
30 inches deep, extending at least 12 inches below the lowest roots 
intercepted, which were all cut. On October 6, when the fruit was 
nearly mature and when the moisture content of the upper 12 inches 
of soil under the tarpaulins had been reduced nearly to the wilting 
point, a flood irrigation equivalent to 4 inches of rainfall was given. 
(2) Early in the summer of 1933 several trees were mulched with 
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straw, the mulched area being somewhat broader than the spread of 
the branches. The covering, which was 4 to 6 inches deep after 
settling, was calculated to greatly retard water loss. 

Soil samples were taken in 1933 at intervals of from 2 to 4 days 
between August 12 and October 7, embracing a period well in advance 
of, and including, that in which the most severe cracking is usually 
observed. At each time of sampling a cylinder of soil was taken, by 
means of a California soil tube {27), from the upper 6 inches and from 
the second 6 inches of soil. Samples were secured from three or more 
locations among the experimental trees, and the moisture percentages, 
calculated on the dry-weight basis, were averaged to give a single 
reading, which is taken to represent the soil of the experimental block 
as a whole. 

FREEZING-POINT DETERMINATIONS 

Freezing-point depressions of samples of apple tissue were ascer- 
tained from time to time by means of a Beckmann thermometer, a 
special tissue-cup method described by Vemer {28) being used. 

FRUITS UNDER WATER 

Direct absorption of water through the fruit skin was studied for 
detached apples by sealing each stem and calyx opening with paraffin, 
weighing the fruits thus sealed, and then rewcighing them after they 
had been kept under tap water for a time. Branches with fruits still 
attached were bent down and held with the fruit under water in 50- 
gallon barrels. By means of a steel tape graduated in millimeters 
the largest horizontal circumference of each apple was measured 
before and after this water treatment, and these measurements were 
compared with corre.sponding measurements of untreated fruits on 
adjacent bi-anches. 

RESULTS AND DISCUSSION 

GENERAL OBSERVATIONS 
Variabiutv in Extent of Cracking 

Field observations on apples have revealed marke,d differences in 
the incidence of cracking in the same orchard in different seasons, 
in different orchards in the same season, and in the same season among 
individual trees of the same orchard and branches of the same tree. 
For York Imperial and Stayman Winesap the extent of cracking in 
different orchards varied in 1932 from less than 5 to over 60 percent. 
At the experimental orchard near Keameysville the percentage of 
fruit that cracked per Stayman Winesap tree varied from 33 to 65, 
the extremes appearing in adjacent trees. Two different branches of 
the same Stayman Winesap tree showed, respectively, 31 and 70 
percent of cracking. In several cases one fruit of a spur was badly 
cracked while a second fruit of the same spur, with almost the same 
exposure and with the same outward appearance, was unaffected. 
Thus, while weather conditions exert a major influence in the cracking 
of apples, it is apparent that physiological conditions within the tree 
or fruit, not directly related to current weather features, are also 
influential. 
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Nature and Rate of Crack Formation 

In periods when weather conditions were such w to warrant the 
prediction that cracking would soon occur, many fruits were examined 
with a hand lens at frequent intervals, and it was thus possible to 
detect incipient cracks when they were much less than a millimeter 
long and to observe the regions in which they occurred and the 
manner in which they enlarged and multiplied. It was evident that 
cracks generally appeared first in restricted areas, especially in areas 
of russeting, sunburn, or high skin coloration. It appeared as though 
the peripheral tissues were exceptionally weak in such regions or the 
tissue strains were more pronounced tnere than elsewhere. Locali- 
zation was usually very definite, and it was often possible to detect a 
dozen or more minute breaks within an area of a square inch. En- 
largement of cracks sometimes continued for several days, especially 
if evaporation rates were low. 

Many incipient cracks apparently originated at hypertrophied 
lenticels of the cracking area (fig. 2). If the cracks remained small 
until after the weather became drier, cork was formed in the minute 
fissures and a russeted area might thus result. The russeting here 
considered may therefore have resulted, at least in part, from lenticel 
hypertrophy, incipient cracking, and subsequent cork formation. 

Several writers have concluded that lenticel hypertrophy may be 
caused or promoted by greatly retarded transpiration from the plant, 
accompanied by a plentiful water supply to the regions of hypertrophy. 
Thus the formation of the corky or mealy excrescences that mark 
lenticel hypertrophy on young stems and branches of such trees as 
cherry and elder are attriouted by Sorauer {23) to temporary retarda- 
tion of foliar transpiration in periods of high atmospheric humidity. 
Schilberszky (22) concluded that hypertrophy of lenticels in apple 
fruits is related to an excessive water supply in the soil. Devaux 
(10) considered lenticel formation to be intimately connected with 
excessive moisture supply in underlying tissues, and Swingle m) 
found that lenticel hypertrophy in stem cuttings of willow was directly 
correlated with their water supply under conditions of negligible 
evaporation. The proliferation that constitutes lenticel hypertrophy 
may decrease the extensibiUty of the neighboring peripheral cell 
layers and lower their mechanical resistance to being tom apart; and 
if that be true lenticels might be expected to mark the weakest points, 
at which rupture should begin whenever peripheral tissue strains 
become sufliciently excessive. 

As to the formation of large cracks, numerous observations showed 
that it usually required at least several hours for these to develop. 
Thus, in one instance, the development of a crack 11 mm in length 
Md about 1 mm in maximal depth required 3 hours, counting from 
its first clearly visible appearance as a mere slit about a milluneter 
long. Some cracks developed more rapidly; one attained a length 
of about 60 nun in 6 hours after its mception. A representative 
sample of the larger cracks showed successive lengths of 11, 18, 22, 
and 43 mm at 48-hour intervals. 
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REIATIOK OF NATURAL ENVIRONMENTAL CONDITIONS TO CRACKING 
Explanation of Graphs 

Data on natural fluctuations in soil-moisture content, rainfall, 
atmometric evaporation, and air humidity in relation to cracking of 
apples on the experimental trees in 1933 are summarized in fi^re 3. 



Figure 2.— Hypertrophied lenticels, crack.s, and russet development in a Stayman Winesap apple. X 3. 


The smallest subdivision on the abscissa represents a 2-hour interval. 
The 5-week period considered (Sept. 3 to Oct. 8) covers the latter part 
of the period of fruit enlargement. The ordinate scale represents the 
index values of the respective environmental features. 
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The two upper graphs present the general march of soil-moisture 
percentage on the dry-weight basis. In the arbitrary scale of ordi- 
nates at the left, unity represents a moisture percentage of 4, which 
is the scale factor for those two soil-moisture graphs. 



Fiouke 3.- Relation of crackinR in Stayman Winesap apples to fluctuations in environmental conditions 
Sept. 3 to Oct. 8 , 1933. See text for complete explanation. 

march of air temperature is shown by the narrow dotted line, 
jTOicn IS derived from the automatic tracing of the thermograph. 
The scale factor for air temperature is 20 ; that is, unity on the general 
oromate scale at the left renresents 20° F. 
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The wider dotted line shows the march of the water-saturation 
deficit of the air. This deficit is taken to represent the current eva- 
porating power of the air with the wind and radiation factors removed. 
For this feature unity on the ordinate scale corresponds to a water- 
vapor pressure deficit of 8 mm of a barometric mercury column. 

The occurrence of measurable rainfall is indicated by vertical black 
bars. The height of any bar shows the total depth of rain accumu- 
lated in the 24-hour period ending at 6 p. m. on the day referred to. 
Duration of rainfall was not recorded; therefore only a single bar is 
shown for each day with measurable precipitation, and all these bars 
have the same width, which is arbitrary. The scale factor for rainfall 
is 0.2 inch or approximately 0.5 cm. 

Fluctuations in the rate of evaporation from the standardized black 
porous-porcelain atmometer sphere, exposed in the open, are shown 
by the hachured stepgraph of figure 3. This graph is plotted for every 
2-hour period, as though it consisted of vertical bars, each 2 hours in 
width. The height of each bar or step represents the total accumu- 
lated water loss for its period. The scale factor for evaporation is 
2 ml per 2-hour period; that is, imity on the general ordinate scale 
corresponds to water loss from the instrument at a mean rate of 1 ml 
per hour for the corresponding 2-hour period. It is at once obvious 
that the intensity of this feature fluctuated greatly and that there 
were occasional periods without measurable evaporation. For such 
periods this graph naturally coincides with the base line. The hori- 
zontal extent of each hachured block has been indicated by broadening 
the base line, and intervals without measurable water loss from the 
atmometer are clearly shown by the absence of the broad base line. 
Periods without evaporation, or periods of very slow evaporation, are 
of special interest, as will later appear. 

Observations on cracking of the fruit were made at intervals of 2 
or 3 hours in the daytime, but no observations of this sort were made 
at night. For each observation cracking was recorded only for the 
number of fruits that had been noted as uncracked at the last pre- 
ceding observation. Consequently the total number of observed 
fruits used as a basis for these percentages became smaller as the 
season advanced. Naturally, the most susceptible fruits were the 
first to crack when external conditions favored this injury, and later 
observations on occurrence and degree of cracking were confined to 
fruits that had not already been recorded as cracked. In the present 
connection all cracks were considered as equal, and no attention is 
here given to additional cracking of fruit previously recorded as 
showing cracks. 

Because of these considerations the percentage values derived from 
the observational counts should be adequately weighted or re-evaluated 
before being employed quantitatively in this part of the study, but no 
satisfactory way of so modifying them has been found. Therefore the 
cracking record presented in figure 3 is in very general terms as (1) 
slight, (2) moderate, and (3) severe; representing, respectively, about 
the following values: (1) from 1 to 5 percent, (2) from (5 to 15 percent, 
and (3) more than 15 percent. These three relative degrees of cracking 
are indicated, respectively, by small, medium-sized, and large black 
triangles placed just beneath the base line; the abscissal position of 
each triangle shows when the corresponding outbreak of cracking was 
observed. 
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Relation op Air Temperature and Soil Moisture to Cracking 

There appears to be no correlation at all between air-temperature 
fluctuation and the occurrence of cracking, so far as may be judged 
by a study of the graphs of figure 3. 

The fluctuations of soil-moisture content shown in figure 3 exhibit 
no relation to cracking. These fluctuations were relatively slight, and 
it is safe to suppose that the soil-moisture content of the first 6-inch 
and the second 6-inch depth was, in the 5-week period considered, never 
low enough to approach closely the value of the wilting coefficient of 
this soU. The wilting coeflGicient of the soil of the experiment orchard 
at Keameysville may be estimated as about 10 percent on the gravi- 
metric basis and according to Veihmeyer’s (26) interpretation of this 
apparently critical value. The depth to which the present records 
refer (0 to 12 inches) is estimated to have included the region occupied 
by more than three-fifths of the roots of these trees. 

Veihmeyer has shown (26) that the rate of water utilization by 
prune and peach trees with which he experimented in southern ( 'alifor- 
nia was independent of the amount of moisture present in the soil as 
long as this amount was above the wilting coefficient. He found that 
the rate at which water was removed from the soil by a tree appeared 
to be determined primarily by the evaporating power of the air and the 
magnitude of the total leaf surface of the tree. If this is generally 
true of fruit trees it is hardly to be expected that changes in soil 
moisture within the limits usually met with in nonirrigated orchards — 
that is, above the wilting point and below field saturation — should 
affect changes in the water balance of the tree sufficient to produc(‘ 
cracking. 

Relation of Rainfall to Cracking 

Since soil-moisture content shows no apparent relation to (packing, 
wetting of the soil by rain is not to be regarded as among the influences 
that promoted this injury. If the occurrence of rain really promoted 
cracking in this 5-week period its influence must have been exerted 
in some other manner than through an increase in the supply of water 
to the tree roots. During rainy periods the foliage ana the apples 
themselves were, of course, more or less completely covered with 
water, and it is conceivable that direct aKsorption of water through 
leaf epidermis and fruit skin may have been directly or indirectly 
influential in promoting the tissue strains that lead to cracking. 

An indirect way in which the occurrence of a rainy period following 
a drier one might promote cracking is through sudden lowering of the 
transpiration rate, for transpiration must be practically prevented as 
long as the transpiring surfaces are covered with water. But in 
periods of little or no evaporation, transpiration must be very slow 
whether or not rain occurs. 

However these interdependent variables, rain and evaporativity, 
may operate in general, a study of the graphs in figure 3 makes it 
clear that, although the outbreaks of cracking usually were preceded 
immediately by rain, this was not always so. Thus in several instances 
(on Sept. 27 and Oct. 3, 4, and 7) cracking was observed when there 
had been no recorded rain for from 36 hours to several days, and in 
otl^r instances (Sept. 20 and Oct. 1) cracking failed to occur in spite 
of heavy rains. 



Aug. 1, 1986 IStvay oj Cracking in IStayrmn Winesap Apples 203 


Relation of Atmombtric Evaporation to Cracking 

Figure 3 shows, for the 5-week period represented, a veiy clear 
and consistent relation between occurrence of cracking and occurrence 
of very low rates of evaporation from the black atmometer sphere. 
Cracking was never observed except after a period of slow evapora- 
tion, and nearly every period of 6 hours or more without recorded 
evaporation was ac^mpanied or immediately followed by cracking. 
On October 7 cracking followed two 4-hour periods without evapora- 
tion, the two periods being separated by a 2-hour interval with very 
low rate. On the other days when cracking occurred it was preceded 
in every instance by at least 6 hours without measurable water loss 
from the atmometer. As has been mentioned, although prolonged 
periods without atmornetric evaporation were, in a number of in- 
stances, concomitant with periods of rainfall, there were also periods 
of cracking that obviously were not related at all to the occurrence 
of rain. Examination of figure 3 shows that these periods of cracking 
without antecedent rain (Sept. 27 and Oct. 3, 4, and 7) in every 
case were immediately preceded by from 6 to 8 hours of little or no 
measurable atmornetric evaporation. Conversely, as has just been 
pointed out, on October 1 no cracking was observed during or follow- 
ing a rain of 0.92 inch, when the evaporation rate was zero for only 4 
hours, then rose abruptly; nor was there any cracking following the 
lighter rain of September 20, when, also, the period of slow evaporation 
was short. The nonoccurrence of cracking in the prolonged periods of 
low evaporation on September 5 and September 30 may, perhaps, 
bo accounted for partially or wholly by the fact that in each case 
there Had been considerable cracking on the preceding day; pre- 
sumably the apples currently most susceptible to this injury had 
already cracked. 

Kklation of Water Vafok-Pre.ssure Deficit of the Air to Cracking 

As would be expected, the graphs of vapor-pressure deficit have 
almost exactly the same form as the corresponding ones of atmornetric 
evaporation. The period from September 13 to 16 (fig. 3) includes 
two intervals for which this deficit has zero value and Doth of these 
are without measurable atmornetric evaporation. Also, both show 
records of severe cracking. The remaining intervals without measur- 
able evaporation from the black sphere, as these are represented in 
figure 3, show very low deficit values of 1 mm or less. All the out- 
breaks of cracking recorded in this figure were preceded by 4 or 
more hours with vapor-pressure deficit below 1.6 mm. 

A fairly close relationship was found to exist between relative 
humidity, or relative-humidity deficit,^ and cracking. The most 
extensive cracking in any 24-hour period in 1933 took place on 
August 24 in a 10-hour period when relative humidity was recorded 
as 100 percent. This period followed a rainfall of 4.25 inches. In 
1932 approximately 40 percent of the crop of Stayman Winesap apples 
in the experimental orchard were damaged by cracking in a 38-hour 
period on October 17 and 18, when the recorded relative humidity at 
no time was below 99 percent. The total rahifall for th^e 2 days 
was 2.07 inches, but the soil had a high water content beforo the 
rain began. A heavier rain on October 5 and 6, totalmg 2.85 mches 


204 


Jovmal of Agrievltvral Research 


Vol. 61, no. 3 


but accompanied by humidity for the most part well below 90 per- 
cent, caused no cracking. Similar instances of apparent association 
of cracking with prolonged high ajr humidity, either with or without 
rainfall, were observed man^ times in 1932 and 1933 and in several 
varieties of apples, including Stayman Winesap, York Imperial, 
Northern Spy, Wealthy, and Yefiow Transparent. At no time 
during these 2 years was cracking observed except during periods of 
8 hours or more when relative humidity was above 90 percent. 

ORCHARD EXPERIMENTS WITH MODIFICATION OF NATUR.AL ENVIRONMENTAL 

CONDITIONS 

Modification of Soil-Moisture Content 

In an attempt to obtain somewhat greater extremes in soil-moisture 
content than ordinarily occur in the region in which these experiments 
were conducted, the soil over the root system of one tree was pro- 
tected from rain for several weeks by means of waterproof tarpaulins, 
as has been noted. This shelter was erected on August 31 , 1933, when 
the average soil-moisture percentage for the upper 12 inches in the 
experimental block was 18.1. It was removed on October 6, when 
the 12-inch index for the sheltered soil had decreased to 12.4 percent 
and that for the rest of the block was 17.4 percent. Immediately 
after the removal of the tarpaulins the soil area that had been covered 
was given a flood irrigation equivalent to 4 inches of rainfall. About 
10 hours later the 0- to 12-inch soil-moisture content for this area 
was found to have increased to 20 percent. This sudden increase in 
soil moisture failed to produce any cracking. Similar irrigation of 
one tree in 1932, without previous use of tarpaulins but following 
prolonged dry weather, had also failed to produce cracking. A heavy 
straw mulch had no apparent influence on cracking, although such a 
soil cover retards water loss from the soil while it permits free pene- 
tration of rain water. 

Between August 31 and October 6, 1933, there was cracking of 
the fruit on the tree with the tarpaulin-sheltered root system when 
cracking was common among other trees of the experimental block. 
Since the soil about the roots of this tree was protected from being 
wetted by rain throughout that period, it is clear that wetting of 
the soil was not required to produce cracking. Whether or not a 
sudden and sufficiently pronounced rise in soil-moisture content 
following a period of very dry soil may lead to cracking of apples 
under certain conditions is, of course, still an open question; but the 
present study furnishes no clear evidence that wetting of the soil 
was causally related to the cracking here recorded. Under the natural 
and the artificially modified soil conditions of this study, it appears 
that very slow atmospheric evaporation was probably the immediate 
external cause of cracking. 

Fruits Protected from Wettino by Rain 

With the poeteibility m mind that direct water absorption through 
the apple skin in a period of rain may sometimes be a contributing 
cause of cracking, the following experiment was carried out. A large 
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branch, bearing about 50 apples, was covered with a waterproof 
tarpaulin when rain occurred, the cover being removed when rain had 
ceased and the rest of the foliage was:no longer wet. In a period of 
no atmometric evaporation, which was accompanied by rain, three of 
these protected apples cracked in spite of the fact that their skins 
were superficially dry. Although the number of apples involved in 
this test was not sufficient to furnish general evidence as to whether 
the prevention of wetting reduced the percentage of cracking, the 
result clearly supports the evidence already discussed that wetting of 
the fruit surface by rain is not, at least in general, necessary to cause 
cracking. The presence of rain water on the fruit may, however, 
favor cracking when other influences also are favorable to it. 

Attached Branch Under Water 

On September 30, 1932, a large Stayman Winesap branch bearing 
fruit without any cracks was bent down into a barrel of water so that 
all the apples and most of the leaves and small branches were sub- 
iner^d. This experiment continued for 4 days, and in that time severe 
cracking occurred. In the 4-day interval there were no periods of 
very low evaporation rates and no change of soil-moisture content 
other than the usual slow decrease due to ordinary evaporation and 
root absorption. At the same time no cracking of normally exposed 
fruits was observed, either on the same tree or on others. Measure- 
ments of maximal horizontal circumferences of the submerged apples, 
and of those on an adjacent untreated branch of the same tree, showed 
that in the 4-day period the mean rate of enlargement of the sub- 
merged fruits was much gi'eater than that of the exposed ones. Details 
of this experiment are presented in table 1 . 

The fruits of both groups were originally of about the same size. 
The maximal enlargement percentage for submerged fruits (2.52) is 
almost double that for exposed fruits (1 .34) . The average enlargement 
percentages are 1.47 (submerged fruits) and 0.93 (exposed fruits), the 
former being about 1.58 tunes the latter: that is, the apples on the 
branch under water increased their maximal horizontal circumferences, 
on an average, about 58 percent more rapidly than did the apples on 
the exposed branch. 

Twenty of the thirty-four submerged fruits cracked in the 4-day 
interval considered, but there was no cracking among the exposed 
fruits. The submerged fruits may be classified in three groups, accord- 
ing to their rates of enlargement, nos. 1 to 11 being wnsidered as 
enlarging slowly, nos. 12 to 22 as enlarging at an intermediate rate, and 
nos. 23 to 34 as enlarging rapidly. The average length of cracks in the 
slowly enlai^ing group was 0.75 cm (2 out of 11 apples cracked), in 
the median group 6.0 cm (7 out of 11 apples cracked), and in the 
rapidly enlarging group 7.6 cm (11 out of 12 apples cracked). 
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Tablb 1. — Enlargement rates of Stay man Winesap apples still attached to tree^ 
some on branch submerged in water and others normally exposed on adjacent 
branch of same tree^ together with records of cracking for submerged fruits^ Sep-' 
tember SO to October 4 , 19SS 

[No craddng of exposed fruits occurred. Data are arrauRed in ascending order of enlargement rates in 

each group] 


Apple no. 

On submerged branch 

On adjacent branch 

Sept. 30, 
original 
circum- 
ference 

Oc 

Increase 
in circum- 
ference 

t. 4 

Total 
length of 
all cracks 

Sept. 30, 
original 
circum- 
ference 

Oct. 4, 
increase in 
circum- 
ference 


CenlimeUra 

Percent 

Centimeters 

Centimeters 

Percent 

1 

22.05 

0.22 

(0 

22.95 

0 65 

2 

22.05 

.45 

0) 

22.70 

.60 

3 - 

! 24.06 

.63 

(‘) 

22.15 

.68 

4 

1 22.95 

.65 

1.1 

21.30 

.70 

5 - 

' 22.70 

.66 

(») 

21.55 

.70 

6. 

1 19.65 

.76 

7.1 

19.65 

.76 

7 

23.40 

.85 


24.30 

.82 


23.10 

.86 


24. 15 

.83 

9 

22.30 

90 

h 

23.60 

.84 

10- . 

22.10 

.90 

(') 

23.40 

.85 

11 

22.76 

90 

(») 

22.20 

.90 

12. 

24. 35 

1 23 

11.8 

21.70 

.92 

13. - . -- - - - 

19. 55 

1.28 

(«) 

21. 12 

.94 

14 - -- 

23.10 

1.30 

0) 

20.50 

.97 

16 

23.20 

1 30 

1.1 

20.00 

l.W 

16 - 

23 00 

1.30 

1 4 

24.65 

1. 02 

17 

21 65 

1.39 

(») 

24.05 

1 04 

18 1 

22.50 

1. 51 

5.7 

23.90 

1 04 

19 

22.50 

1.61 

17.6 

23.20 

1.08 

20 

21.80 

1.60 

(0 

23.00 

1.0» 

21 

20.70 

1.69 

14 8 

22.75 

I.IO 

22 

23.50 

1 70 

14 5 

22.60 

1.10 

23 - 

21.50 

1.86 

(*) 

22.85 

1.10 

24 

24.06 

1.87 

1.5 

22.55 

1.11 

25 

21. 10 

1.90 

6 9 

21 35 

1.17 

26 

23.20 

1 94 ; 

12 0 

21.20 

1.18 

27 

21.90 

2.06 

10.0 

23. 70 

1.26 

28 - 

20.55 

2.20 

9 9 

23.70 

1.26 

29 - 

24.50 

2.26 

3.2 

23.35 

1.29 

80 - 

22.10 

2.26 

9.6 

23.05 

1.30 

31... 

21.90 

2.28 

6 3 

22.90 

1.31 

32... 

21.65 

2.31 

6.8 

22.30 

i.:h 

33 ... 

21.50 

2.33 

4.9 



34l - 

23.85 

2.52 

21.6 



Average 

22 40 

1.47 

4 9 

22.57 

.93 


1 No cracking. 


While the water treatment seems, in general, to have increased the 
incidence of cracking, especially when it also increased the rate of fruit 
enlai^ement, the severity of cracking was apparently influenced bjf 
conditions not taken into quantitative accoimt, presumably by vari- 
able internal characteristics of the fruits at the time of the experiment. 
The occurrence of cracking seems to be dependent not so much upon the 
rapid enlargement of the fruit as a whole as upon extra rapid enlai^e- 
ment of a restricted region of the tissues. The following chance ob- 
servation made on September 16, 1933, may bear on this su^estion. 
In an apple with more than a third of its volume involved in a soft 
rot extending from the surface to the core and so advanced that the 
diseased portion was reduced to a mass of soft pulp, severe cracking 
had taken place on the uninfected part. This cracking must have 
been entirely independent of enlargement of the fruit as a whole. 
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Leaf Injury and Defoliation 

In a large block of Stayman Winesap trees near Shenandoah Junc- 
tion, about 3 miles east of the Kearneysville orchard, which was used 
for most of this study, the crop of 1933 showed very little cracking 
(less than 0.6 percent), while 40 percent of the same year’s crop at the 
Kearneysville orchard was cracked. The trees of these two orchards 
were of the same age (14 years), both orchards were on the same type 
of soil, and weather conditions must have been virtually the same for 
both. The two orchards were noticeably different in that the Keameys- 
ville trees had been partially defoliated or their foliage had been some- 
what injured by spray materials, whereas the foliage in the other 
orchard was unusually dense and healthy. More of the fruits at 
Kearneysville were partially russeted, probably due largely to spray 
injury, and more of them were sunburned or highly colored, due to 
greater* exposure to sunlight. All of these conditions, i. e., russeting, 
sunburn, and high coloration appear to be associated with increased 
cracking. Similar relationships between foliage conditions and crack- 
ing were seen among individual trees and branches in the experimental 
block at Kearneysville, where the highest percentages of cracking 
were associated with the highest percentages of leaf injury or with the 
sparsest foliage. 

Figure 4, A and B, shows the general appearance of densely foliaged 
branches with little cracking as compared with spareely foliaged 
branches with severe cracking. Data of a more quantitative nature 
bearing on this relation between foliage density and severity of crack- 
ing were secured by comparing three representative branches of about 
the same size but showing different degrees of cracking with respect to 
tlie total fresh weight of the leaves. One branch (A, at Shenandoah 
Junction) showed no cracking and the other two (nos. 2-22 and 4-9, 
at Kearneysville) showed, respectively, slight and severe cracking. 
The apples on all three of these branches were virtually free of russet 
and other visible skin injuries. Table 2 presents these data. 

Table 2. — Comparative data on number and diameter of fruit and fresh weight of 
leaves as related to the occurrence of cracking in apples 


Branch no. 

Apples on 
branch 

Average 
diameter 
of apples 

Total fresh 
weight of 1 
leaves 

Degree 

cracldi 


Number 

103 

72 

76 

Inche$ 

2.76 

2.26 

2.76 

Qramn 

1,710 

1.618 

828 

None. 

Slight. 

Severe. 

22 .. 

9 - 



Attached Apples Enclosed in Brown-Paper Baos 

In the autumn of 1932 about 200 Stayman Winesap apples on three 
experimental trees were bagged and these were observed from time to 
time, observations being made, at the same times, on a simila^umber 
of comparable fruits, previously tagged, on the^ same trees. Cracking 
of the unbagged fruits severe enough to furnish a useful meara^ of 
the effects of bagging did not occur until the bagged apples had been 
enclosed for 3 to 4 weeks— time enough for pronoimced morphdogicai 
and ph 3 ;^iological alterations to take place. Therefore the bagged 

17047—35 3 
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Figure 4.—^^ Part of a Stuyman Wineaap tree with dense foliage and little cracking, near Shenandoah Junction; B, part of a Stayman Winesap tree with sparse foliage 

and severe cracking, near KearneysviUe. W. Va. 
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apples probably differed markedly from the controls long before the 
latter showed much cracking. When about 30 to 50 percent of the 
controls had cracked, only about 2 to 6 percent of the protected apples 
had cracked. This is shown by records taken on October 20, presented 
in table 3. 


Table 3. — Cracking of hogged and unbagged Stayman Wineaap apples 



Bagged apples 

Unbagged apples 

Tree no. 

Apples 

Days 

bagged 

Cracked 

Apples 

Cracked 

\ 

1 - 

Number 

no 

50 

50 

Number 

30 

27 

20 

Percent 

6.4 

6 0 
2.0 

Nun^er 

00 

50 

50 

Percent 

54.4 

30.0 

30.0 


By harvest time the enclosed apples had developed the solid yellow 
ground color characteristic of this variety at full maturity, but they 
were devoid of any trace of red overcolor. It is reasonable to suppose 
that protection for many weeks from the direct rays of the sun might 
so influence either the osmotic values or the structural characteristics 
of the apple as to make it less inclined to crack. The effects may, 
therefore, have been due to prolonged shading, just as dense foliage 
seems to have reduced the tendency toward cracking. 

Oil-Emulsion Sprays 

In 1932 extensive tests were conducted with different concentra- 
tions, and with different times of application, of fish-oil and mineral- 
oil sprays, on the supposition that the oily films left on the fruits might 
retard or prevent absorption of water through the skin and so reduce 
cracking. No effects upon cracking were observed, however. When 
sprayed and unsprayed apples were subsequently t^ted under water it 
was found that the sprayed fruits although distinctly oily to the 
touch, absorbed water about as rapidly as did the \mtreated ones. 
Apparently the oil sprays used had failed to reduce the permeability 
of the skin to water. 

FRUITS REMOVED FROM THE TREE AND SUBMERGED IN WATER 

The evidence thus far presented leads to the conclusion that wetting 
of the soil by rain or irrigation was not a considerable influence m 
promoting cracking in the experimental orchard. The other possible 
influence of rain (i. e., the maintenance for a time of a more or less 
complete liquid water layer over the fruit and foliar surfaces) is not 
shown by ngure 3 to have been influential in producing cracking; 
but when an attached branch bearing fruit and leaves was kept 
under water for 4 days this treatment was very effective m producmg 
cracking, especially in fruits in which the water treatment accelerated 
enlai^ement. The experiment with the submerged branch was suj^ 
plemented by some additional experiments with apples removed 
from the tree and kept under water. 
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After the cut end of the stem and the calyx opening had been sealed 
with paraffin each apple was weighed and all were placed in water, 
where they were held for 2 days. They were finally wiped and re- 
weighed, the weight gain of each was computed, and the degree of 
cracking shown by each was recorded as the total length of all its 
cracks. Data from this experiment with mature apples removed 
from the trees are shown in table 4. 

Table 4. — Weight increase and cracking in mature Stayman Winesap apples kept 
under water for 2 days^ Oct, 2^ to 26, 1931 


[Apples are arranged in the ascending order of their weight gains] 


Apple no. 

Original 

weight 

Gain in 
weight 

Total 
length of 
all cracks 

Apple no. 

Original 

weight 

Gain in 
weight 

Total 
length of 
all cracks 




Centi- 




Cenii- 


Grams 

Percent 

meters 


Grams 

Percent 

meters 

1 

207 

0 

(0 

11 

255 

2.35 

3.75 

2 

222 

.90 

(0 

12 

286 

2.45 

0) 

3 

195 

1.03 

0) 

13 

244 

2.46 

' 4.25 

4 

243 

1.24 

(1) 

14 

219 

2.74 

14.75 

5 

158 

1.26 

2.75 

15 

166 

3. 01 

4.50 

6 — 

241 

1.66 

4.25 

16.- 

195 

3.08 

4.25 

7 

172 

1.75 

1.00 

17 

246 

3.25 

11.25 

8 

172 

1.75 

1.76 

18 

237 

3.38 

(0 

u 

198 

2. 02 

2.25 




10 

220 

i.m 

L26 

Average 

215 

2.32 

3.11 


1 No cracking. 


These results are, in general, similar to those shown by the orchard 
test with growing apples still attached to the tree when the branch 
bearing them was kept under water for 4 days (table 1). The water 
treatment of detached apples resulted in much cracking, and most of 
the badly cracked fruit showed relatively large gains in weight. 

As in the orchard experiment on cracking of attached apples under 
water, it is clear that triis 2-day water treatment of mature, detached 
fruits did produce cracking, that it was more apt to do so when the 
rate of enlargement was rapid than when it was slow, and that sever- 
ity of the cracking produced generally was greater for those fruits that 
emailed more rapidly. Since the cut end of the stem and the open- 
ing of the calyx region were sealed, it is evident that weight gain must 
have been due to water absorption through the skin. This observa- 
tion furnished additional evidence that such direct absorption is to be 
expected whenever the apple skin is kept externally wet for a sufficient 
time. The apples that failed to crack also absorbed water, and one of 
these (no. 18) showed the most rapid absorption of all. 

EXPERIMENTS ON VASCULAR PRESSURE AND CONDUCTION 

A few experiments were performed with reference to possible rela- 
tions between the occurrence of cracking and conditions that might in- 
fiuence the supply of water and other substances to the fruit. These 
are briefly described below. 

Vascttlar Sap Pressure in Attached Branches 

Mercury manometers were connected to small glass cylinders filled 
with water and fastened over the cut surfaces where tip portions of 
attached branches had been removed. These manometers invariably 
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showed maintained pressure deficits in the attached branches. It was 
thus apparent that the hydrostatic pressure of the vascular sap gen- 
erally was considerably less than the gas pressure of the surrounding 
air. This was tnie even when cracking of the fruits was in progress, 
but the pressure deficit was smaller in periods of low evaporation rates 
than at drier times. Degrees of suction amounting to from 143 mm 
of a mercury column to 400 mm were observed. The method used is 
of course inadequate to show maximal pressure deficits, and it seems 
safe to suppose that the deficits recorded were generally smaller than 
the actual current deficits in uninjured trees or even in the cut 
branches some distance back of the cut surfaces. We may, in any 
event, conclude that vascular hydrostatic pressure in a branch when 
apples were cracking generally was considerably less than the current 
barometer reading. 

These manometer experiments indicate clearly that there was no 
general vascular pressure excess in these trees, which might, as some 
writers seem to think, act to force water into the fruits at times of 
cracking. There was no evidence of positive excess pressure derived 
from the roots and transmitted throughout the tree, such as seems to 
have been postulated whenever the term “root pressure” has been 
employed in the elaboration of hypotheses concerning cracking of 
fruits and other phenomena connected with plant-water relations. 

Excessive Water Pressure Artificially Produced in Branches 

Some unsuccessful laboratory attempts were made to cause apples 
to crack by forcing water under excessive pressure into the cut basal 
ends of branches bearing fruit. The cut end of the branch, where the 
latter had been detached from the tree, was tightly sealed into the 
large opening of a tubulated filter flask containing water enough to 
cover the cut surface to a height of about 5 cm, and a Schrader valve, 
such as is used in automobile tires, was securely fastened to the tubu- 
lature by means of a bit of rubber tubing and a wire ligature. Then 
a hand-operated compression air pump was connected to the valve 
and air was pumped into the flask to increase the gas pressure in its 
upper portion and so force water into the branch. Pressures of from 
5 to 10 pounds were employed. No cracking of the fruit resulted 
from this treatment, in which branch and fruit were exposed to the 
air of the laboratory. This experiment was not tried with branch and 
fruit surroimded by water-saturated air. 

Within a few minutes after pressure had been applied to the system, 
water dripped rapidly from surfaces where ends of lateral twigs had 
been cut off, and more slowly from cut midribs of leaves; but no 
exudation appeared at surfaces where fruit stems had been cut. 
These tests lasted from 30 minutes to 3 hours. The results would be 
more significant if the artificially produced excessive vascular pressure 
had been applied for a longer time and if transpiration had been pre- 
vented, as by keeping leaf and fruit surfaces continuously wet. 

Dye Solutions Absorbed Through Cut Ends of Branches Still Attached 

TO Tree 

Aqueous dye solutions were fed into the cut ends of small branches 
from 1 to 2 cm in diameter, and dye penetration into nearby fruits 
was observed. Both acid fuchsin and methyl blue were used with 
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equally satisfactory results. The solution entered under the influence 
of vasculu’-pressure deficit, no excess pressure being applied. The 
color contrast of either dye with the whitish flesh of the apple was 
quite striking, the dyed regions standing out clearly when the fruit 
was cut open. The dyes appeared in the regions of the vascular 
bundles and to a greater or lesser extent in contiguous meristematic 
tissues. Methyl blue was detected in very small veinlets close under 
the skin. 

A striking feature of the penetration and accumulation of those 
dyes was their consistently greater concentration in regions subjacent 
to abnormal peripheral tissues, such as russeted areas, apple-scab 
lesions, and old cracks. Although sap movement through the vessels 
was probably somewhat more rapid and perhaps somewhat more ex- 
tensive than was indicated by dye accumulation in the cell walls, yet 
there is no reason to suspect that the dye ever moved more rapidly 
than the sap that carried it, and the final presence of more dye in one 
region than in another surely means that sap had moved into the 
more intensely stained parts more rapidly than to other parts that 
showed less dye accumulation. It therefore appears that sap flow 
to the modified or injured peripheral regions just mentioned was much 
more rapid than to uninjured peripheral tissues, and this apparenUy 
indicates, in turn, that transpiration was more intense from the in- 
jured tissues than from other peripheral regions of the fruit. Baker 
(f ) found that transpirational water loss through the corky tissue of 
russeted regions of apples was considerably greater than through nor- 
mal epidermis and cuticle. Since the tissues just beneath the corky 
regions do not wither as long as the apples are on the tree, but remain 
turgid and healthy, this observation implies a more rapid movement 
of water into those regions. 

From what has just been said it may be concluded that, except 
when transpiration is almost stopped, russeted, cracked, or otherwise 
locally injured peripheral tissues of the apple fruit transmit water 
from vessels to periphery more rapidly than do uninjured tissues, 
whose resistance to transpirational water loss is apparently greater; 
i. e., for the cells of the injured tissue both entrance of water and 
water loss generally are more rapid than for the cells of corresponding 
uninjured tissue. Many students have presented evidence in support 
of the general observation that larger bundles and more vessels de- 
velop in regions adjacent to rapidly transpiring surfaces than in other 
regions; in some unknown manner it appears mat exceptionally rapid 
flow of sap through a developing bundle causes the formation of more 
vessels, or of more efficient ones, than would have been formed had 
the rate of sap flow been much slower. On the basis of this proposi- 
tion it may be supposed that vascular resistance to sap movement is 
apt to be exceptionally low in those bundles that lead to the injured 
regions of the apple. If such is the case, vascular sap may be sup- 

S osed to reach those regions with somewhat less hydrostatic pressure 
eficit than prevails in other regions, especially in times of very slow 
or negligible foliar transpiration, when vascular-pressure deficit must 
be exceptionally low throughout the whole tree. In periods of rapid 
transpiration the suction (or even liquid traction) arising therefrom 
should act to retard cell absorption everywhere. These considerations 
of logical possibilities may be assembled to furnish a hypothesis that 
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may explain, at least in part, why injured portions of apple periphery 
proved to be more susceptible to cracking than other portions, and 
why outbreaks of cracking and the occurrence of the most severe 
cracking were confined to periods when the general transpiration rate 
was unusually low. 

INTERNAL CONDITIONS OP FRUIT IN RELATION TO CRACKING 
General Relations Between External and Internal Influences 

As has been pointed out, cracking of the fruit is of much more 
common occurrence in some apple varieties than in others. When 
cracking is prevalent in an orchard some trees usually are affected 
much more than others and some branches often are affected more 
than others on the same tree. Even on those fruiting branches 
exhibiting the most severe cracking when external conditions tend to 
promote this injury, some apples usually fail to crack. In the present 
study some apples were always found to be uninjured at harvest time, 
oven on trees that exhibited liigh percentages of cracking. 

It is therefore evident that cracking of individual fruits must be 
determined not alone by the occurrence of favorable weather condi- 
tions but also by some internal conditions effective within the fruit 
at times when the weather is favorable to cracking. The phenomenon 
of cracking is to bo considered as the result of some combination or 
concatenation of circumstances, some of which may be traced almost 
directly to environmental fluctuations, while others appear to result 
from antecedent physiological processes of nutrition, growth, and 
development within the apple tree or within the fruit itself. In 
apples the formation of a crack shows that the fruit tissues involved, 
and perhaps other tissues also, were, when cracking occurred, un- 
usually susceptible to the current cracking influence of the environ- 
mental complex, and it shows just as clearly that the conditions of the 
environment were such as to permit or facilitate crack formation in 
tissues exhibiting this particular kind and degree of susceptibility. 
Consequently the problem of the causation of cracking cannot be 
considered satisfactorily in terms of environmental conditions alone 
or in terms of internal conditions alone; both external and internal 
influences need to be taken into account. 

The preceding sections of this paper deal mamly with cracking as it 
appeared to be related to environmental conditions, although atten- 
tion is given to some internal conditions: e. g., vascular sap pressure 
and injured or modified regions of the fruit periphery. The present 
section deals with some observations on additional internal conditions: 
viz, abnormalities of peripheral tissues and the freezing-point 
depression of cortical tissues. 

Abnormalities op Peripheral Tissues 

As has been noted, cracking is less likely to occur on sound apples 
than on those with some abnormality of the peripheral tissues. 
Cracks are found much more often on portions of the fruit periphery 
that are marked by russeting, ^ scab lesions, or by sunburn than on 
other portions of "the fruit. This point is illustrat/ed by figure 1. 
Both in 1932 and 1933 the lesions that appeared earliest in any out- 
break of cracking were predominantly on these modified parts of the 
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fruit surfaces. In 1933, 88 percent of the cracks formed on the fruits 
of one tree were directly associated with russeted skin, sunburn, or 
scab spots. The remaining 12 percent were in fruit surfaces that 
appeared otherwise to be perfectly healthy and unmodified. Cracks 
on otherwise sound fruits most often wore on the cheek that was most 
exposed to sunlight. It should be emphasized, however, that cracking 
in apparently normal, uninjured peripheral regions has shown the 
same relationships to environmental fluctuations as was shown by 
cracking in the re^ons of modified periphery. Cracking in abnormal 
regions of the fruits as observed in these experiments is not to be 
regarded as a special form of the injury dependent on the abnormali- 
ties themselves, that is, the abnormalities merely render affected 
portions of fruits more susceptible to the injury than normal portions 
when environmental influences tend to promote cracking in both. 

Fbeezinq-Point Depression op Fruit Tissues 

The observation that cracking was much more apt to occur on the 
most exposed side of an apple, especially when the skin and adjacent 
tissues on that side were modified by high coloration, sunburn, or 
russeting, leads to the suggestion that the turgor pressure in the 
tissues underlying the modified or injured portion of the periphery 
might be greater than that of corresponding tissues imderlying 
unmodified peripheral regions of the same fruit. Brooks and Fisher 
(5) found that on very hot summer days the sunny side of an apple 
had a temperature from 10° to 16° F. higher than the shaded side. 
Juice expressed from the most exposed quarter of the fruit generally 
showed greater freezing-point depression than juice similarly expressed 
from the opposite quarter, and this difference was greater as the 
exposure of the first quarter was more pronoimced. This was taken 
to indicate higher osmotic concentration in the cell sap of the tissues 
on the exposed side, which might be due, for example, to the higher 
temperature or to the more intense insolation on that side during 
periods of sunshine. 

In a later paper (4) the same authors reported that exceptionally 
high osmotic values were indicated for tissue from the sunburned side, 
when one side was so injured; also that there seemed to be positive 
correlation between evaporation from a Livingston stanimrdized 
white-sphere atmometer and the osmotic value of juice from apples 
in different parts of the tree, both being greatest in the position of 
greatest exposure to sunshine. A similar effect of seasonal conditions 
on the crop as a whole is suggested by Caldwell’s (6) analyses of apple 
jmce, which show, for many varieties, on unusually high sugar content 
in seasons with temperature and sunshine considerably above normal. 

By means of the tissue-cup freezing-point method (S8) many 
comparisons were made between sample cups from different regions 
of the same apple, especially between tissue samples from regions 
undorlyiug unmodifiod skin uro&s End other tissue sEjnples from re* 
gions imderlying areas of high coloration, sunburn, or russeting. In 
some mstan^s the more susceptible region of the apple tested had 
alre^y cracked; that is, tissue underlying one or more newly devel- 
oped cracks wm compared, with reference to freezing-point depression, 
mtn tissue underlying an intact area of the same apple. After mnirinp 
tue usual correction necessitated by supercooling, each freezing-point 
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depression was translated into terms of osmotic concentration in 
atmospheres by reference to the published table of Harris and 
Gortner ( 16 ). It should be emphasized that this index refers to the 
sample cup of tissue as a whole, not to its cell sap alone. 1 1 represents 
the capacity of the tested tissue to retain water against the influence 
of drying agencies, and it embraces not only the resilient pressure of 
stretched cell walls (which tends to squeeze water out of the cells), 
but also the osmotic value of the cell sap and of the liquid held in the 
walls themselves, as well as the imbibitional values of cell colloids 
and cell walls (which together act to retard water loss). 

Results derived from 52 different apples of the Stayman Winesap 
variety, picked from eight different trees, are presented in table 5. 
Two values are shown for each apple, derived, respectively, from two 
tissue-cup samples taken from opposite sides of the fruit axis, with the 
longitudinal dimension of each cup parallel to the latter. The tissue 
of each cup was thus derived from a rerion opposite the middle portion 
of the apple core and about half-way between the core and the cheek 
periphery on that side. One of each pair of cup samples was taken 
from beneath a cheek area that showed modification of some sort, 
while the other sample was taken from beneath unmodified cheek 
periphery. Five kinds of visible modification or injury of peripheral 
tissue were recognized: (1) highly colored skin, imcracked; (2) sim- 
burned skin, uncracked; (3) russeted periphery, recently cracked; (4) 
russeted periphery, uncracked; and (5) recently cracked periphery 
otherwise apparently unmodified. 

It is seen at once that the tissue samples derived from beneath 
modified or cracked areas of the fruit periphery showed significantly 
higher osmotic values, in almost eve^ test, than were shown by the 
samples derived from beneath unmodified areas. Since highly colored, 
sunburned, or russeted areas of the fruit surface have been found to 
be exceptionally prone to crack, this remarkable osmotic relation 
lends definite support to the supposition that cracking may result 
from excessive enlargement or excessive tissue pressure in localized 
subperipheral regions of the fruit cortex; for, other conditions being 
the same, regions of exceptionally high osmotic value should absorb 
water, and therefore enlarge, more rapidly than neighboring regions 
of lower osmotic value. The data of table 5 therefore indicate a 
reason why cracking is most likely to occur over rerions of the cortex 
that are superficially marked by high coloration, sunburn, or russeting. 
The averages for the several sections of table 5 lead to the same 
conclusions as are reached from more detailed studj. For every 
group of comparisons the average for the unmodified is smaller than 
for the modified areas. 
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Pronounced localization of high tissue pressure is clearly indicated, 
and it seems likely that differences within the same apple might be 
found to be even greater than those shown in table 5 if it were possible 
to employ smaller tissue samples in freezing-point determinations of 
this kmd. An attempt was made to chart the pressure variations 
somewhat more in detail through the use of 5 tissue cups from each 
apple instead of 2, the positions for sampling being symmetrically 
arranged aroimd the fruit axis. The results of these more elaborate 
tests were in excellent agreement with those set forth in table 5. A 
representative set of data from five samples is shown in figure 5. The 
small circles represent the positions of the tissue cups studied, and 
the numerical values within these circles are osmotic values like 
those given in table 5. Apparently there was a tissue-pressure gradient 
in the subperipheral cortext of the fruit, between a high pressure 
underneath the more exposed peripheral area and a much lower 
pressure in the corresponding region on the opposite side of the 
fruit axis. 

When the several local osmotic pressures found by employing 4 or 
5 tissue samples from the same apple were averaged, to give an 
approximation of the sound skin, 

mean-tissue pressure 
of the whole fruit, it 
was found that this 
mean value showed no 
relation to cracking. 

Some apples with low 
means were badly 
cracked while some 
with much higher 
means showed no 
is there- 
that the 

internal condition S Figure 5.— Graphic representation of osmotic values, in atmos- 

that favor or hinder 
cracking are not to be 

studied by means of freezing-point values derived from whole apples 
or from pulp or juice obtained by grinding or pressing the entire fruit. 

There was apparently no relation between a tendency to crack ^d 
the absolute tissue pressure of the subperipheral cortex; cracking 
might be associated with a local tissue pressure of only 15 atmospheres 
in one apple, while a local pressure of 20 atmospheres or more might 
be found in another apple that was still soimd. It seems that cracking 
must be related, in general, not to the local subperipheral pressure 
itself but to the magnitude and distribution of the pressure gradient 
just mentioned. In short, one of the main internal conditions leading 
to crack formation appears to be the occurrence of an excessive tissue 
pressure in a restrictea area of the fruit cortex, accompanied by much 
lower pressures in neighboring regions. 

SUMMARY AND CONCLUSIONS 

This paper deals with cracking of the peripheral tissues of Stayman 
Winesap apples, which is considered in relation to cun*ent environ- 
mental and intern J conditions. The discussions and views presented 


cracking. It 
fore indicated 
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are based on (1) observational studies carried out on cracking under 
natiu*al conditions in an experimental orchard at Keamejsville, 
W. Va., (2) orchard experiments in which some environmental condi- 
tigns were artificially modified, and (3) special laboratory studies. 
DSudden, ^at increase in soU-moisture content has been suggested 
by some writers as a probable major factor contributing to cracking 
of fruits in genera0but the observations and experiments recorded 
in the present paper fail to furnish any evidence in support of this 
hypothesis, pronounced fluctuations in soil-inoisttire content, greater 
and more rapid than are ordinarily met with in orchards, showed no 
relationship to either the occurrence or the severity of crackinfj 
Hinder natural orchard conditions the occurrence of cracking was 
always found to be associated with very low rates of evaporation. 
Rainfall was naturally confined to periods so characterized, but 
cracking was clearly correlated with the slow evaporation rather than 
with the rainfall. Thus, ej^nsive cracking occurred in several 
instances of prolonged slow evaporation rates when there had been no 
rainfall for from 36 hours to 6 days; and in other instances no cracking 
was observed after heavy rains when the accompanying low evapora- 
tion rates wore of short duration^An outbreak of cracking was 
generally preceded by a period of 6 hours or more during which a 
standardized black porous porcelain atmometer sphere with auto- 
matic recorder showed no measurable water loss and the water- 
saturation deficit of the air was very low. This correlation may be 
taken to indicate that outbreaks of cracking were generally brought 
about by greatly depressed transpiration, maintained for 6 hours or 
more. LPuring a period of very slow transpiration the water supply 
available to the fruits should be very abundant, permitting unusually 
rapid enlargement of fruit cortex if other conditions are favorable for 
tissue swelling. If, at the same time, rain water is being absorbed 
appreciably through the peripheries of fruits and leaves, swelling 
of the fruit cortex should be still further increasedd 
Mercuyy manometers coimected to attached branches where the 
branch tips had been cut oil showed vascular suction at all times, 
even while nearby fruits were in process of cracking. No evidence 
was found to favor the supposition that excessive vascular pressure 
(commonly referred to as “root pressure”) was generally present 
throughout these apple trees at any time; atmospheric pressure 
apparently always exceeded the hydrostatic pressure within the 
vessels of the branches. Attempts to produce cracking artificially 
by forcing water, under 5 to 10 pounds of excessive pressure per 
square inch, into the cut ends of detached branches bearing fruit 
failed when branch and fruit were exposed to the air of the laboratory 
aj)d the treatment was continued for 3 hours or lessuD 
L^nce change in soil-moisture content did not noticeably influence 
cracking in tms study it appears that precipitation was not influential 
through wetting of the soil. Rainfall may be influential in other 
ways, however, for when fruit and leaf surfaces are more or less 
thoroughly covered with water during periods of rain, considerable 
water absorption may occur through those smrfaces, while transpira- 
tion is correspondingly retarded or prevented. \^en rain was 
artificially diverted from large branches some of the apples on those 
branches cracked, although they and the accompanying leaves were 
thus kept superficially dry, which seems to indicate tnat the presence 
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of a film of water on foliage or fruit, or both, was not a necessary 
condition to promote cracking. On the other hand, when a fruit- 
bearing branch, still attached to the tree, was kept under water for 
several days the submerged apples showed severe cracking; and 
cracking was also artificially induced when detached apples, with 
stems and calyxes sealed, were kept under water for several days, 
suggesting that long-continued wetting of fruit and foliar surfaces by 
rain might aggravate the tendency to crack when other conditions 
tend to promote this injuiy!^ There is no doubt that the apples of 
this study were able to absorfcrwater at a considerable rate when their 
skins were kept superficially wet. Enclosing attached apples in 
paper ba^ to prevent wetting of the skins by rain greatly reduced 
cracking in the apples so treated after the bags had been in place for 
3 or 4 weeks; in ^at time, however, the internal conditions of the 
bagged apples may have changed greatly. 

The occurrence and severity of cracking were not shown to be 
related in any way to air-temperature fluctuation^ 

Not all the apples on a branch or tree cracked when the weather 
conditions were favorable to cracking, and it is evident that some 
fruits were, at any time, more susceptible to cracking than others. 
A period of little or no evaporation apparently induced cracking of the 
currently most susceptible fruits only. With the recurrence of l6w 
evaporation rates additional fruits cracked, suggesting that this 
susceptibility of individual apples was likely to increase throughout 
the season. Some fruits cracked early in the season while others still 
remained sound at harvest time. A study of certain internal condi- 
tions that may have influenced predisposition to crack led to several 
apparently significant observations, as follows: 

in a great jnajority of observed cases of cracking the injury was 
initiated in a region characterized by some form of visible abnormality 
or modification of the peripheral tissues of the fruit: viz, russeting, 
scab lesions, sunscald, or unusually high coloration. Such modifica- 
tions usually were found on the side of the fruit that had experienced 
the greatest exposure to sun, wind, and spray injury. In russeted 
areas many minute cracks appeared to have been progressively formed 
and then closed by cork tissues, leaving the fruit periphery more or 
less roughened and mechanically weak in such regions. 

Apparently the immediate mechanical cause of cracking is a form 
of tissue strain by which the skin and the adjacent tissues in a 
restricted area of the apple are excessively stretched because of 
enlargement in deeper lying tissues beneath the same area. With 
weather conditions suitable for crack formation, it seems that rup- 
ture occurs in the most susceptible peripheral areas, where the sub- 
peripheral pressure exceeds the limit of extensibility of the outer 
tissues. Thus the formation of a crack is determined partly by the 
mechanical strength of the peripheral tissue and partly by the 
magnitude of the pressure exerted by the enlarging tissue beneath. 

It was observed that, among trees and branches otherwise appar- 
ently comparable, cracking was more pronounced and extensive 
when the foliage was sparse than when it was dense. This difference 
may have been related to the greater incidence of sunscald, russeting, 
and intense coloration in the fruits of trees and branches with poor 
foliage, 
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When attached apples were kept under water, cracking generally 
occurred first and most severely in those individuals that showed the 
most rapid rates of enlargement, which suggests that rapid enlarge- 
ment of the entire fruit may tend to produce cracking when other 
conditions are suitable. But some slowly enlarring frmts cracked 
while some rapidly enlarging ones remained sound, and it seems that 
the excessive tissue swelling that resulted in a crack was sometimes 
effective only beneath the immediate peripheral region where rupture 
was about to occur. 

Freezing-point measurements of osmotic values within the apple 
tissues showed, almost without exception, that tissue samples from 
regions beneath modified areas of the fruit periphery had significantly 
higher pressures than had similar samples from unmodified areas. 
For example, an apple with a russeted area on one side showed a high 
osmotic value beneath that area and a much lower osmotic value 
beneath the corresponding area on the opposite side of the fruit, with 
a gradient between these two regions. It therefore appears that the 
russeted or otherwise modified region was characterized not only by 
mechanical weakness of the periphery but also by exceptionally high 
tissue pressure in the deeper lying cortex. Both of these character- 
istics would be expected to favor cracking. 

When aqueous dye solutions were fed into the cut ends of attached 
branches bearing fruit, the solutions were absorbed into the branches 
and carried into nearby apples, where the dyes became most concen- 
trated in those parts of the peripheral regions characterized by rus- 
seting, scab lesions, or previously formed and more or loss suberized 
cracks. Movement of vascular sap into the tissue beneath these 
modified regions and the passage of water out of them by transpira- 
tion were more rapid than elsewhere. With a low evaporation rate 
and consequent slow transpiration, it appears that the cortex beneath 
modified periphery may receive water more freely than other parts 
of the same fruit. This may promote excessive swelling beneath the 
modified areas. 
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POTATO BEETLE SEPTICEMIA* 

By G. F. White 

Formerly senior pathologist, Division of Insect Pathology, Bureau of Entomology, 
Unit^ States Department of Agriculture 

INTRODUCTION 

The Colorado potato beetle, Leptinotarsa decemlineata (Say), widely 
known as a pest of potato, also feeds on tomato, tobacco, eggplant, 
pepper, belladonna, henbane, and other solanaceous plants. It is, 
therefore, a pest of major importance. In an earlier note the writer ^ 
reported the existence of a bacterial disease of this insect. The 
present paper describes the disease and incorporates observations 
made on it frojn 1921 to 1929. 


NAME OF THE DISEASE AND THE PATHOGENIC BACILLUS 
ASSOCIATED WITH IT 

The potato beetle disease and the disease produced experimentally 
in insects inoculated by puncture with material from larvae sick or 
dead of the disorder are characterized by a marked septicemia. 
This suggested the name ‘^potato beetle septicemia.’^ The names 
“hornworni septicemia”*^ and “cutworm septicemia”^ were coined 
earlier for similar diseases of hornworms and cutworms, respectively. 
A similar disease of grasshoppers, first described by DTIerelle has 
received much attention. 

The pathogen associated with the grasshopper disease is Bacillus 
{coccobaciUus) acridiorum D’Herelle, the one associated with the horn- 
worm disease is B. sphingidis White, and the one associated with the 
cutworm disorder is B. noctuarum White. In line with this method 
of choosing specific names for these organisms, the name B, leptino- 
tarsae was given by the writer ® to the pathogenic species associated 
with potato beetle septicemia. All these species are closely related 
and are members of a large group of organisms affecting insects 
which may be termed the “septicemia” group. 


SYMPTOMS 


Larvae affected by potato beetle septicemia are at first sluggish 
but soon become motionless. Their appetite is impaired, and they 
soon cease to feed. Usually they fall to the ground when moribund or 
dead, although dead ones are occasionally found adhering to the food 
plant (fig. 1, A), The appearance of sick larvae and of those recently 
dead is very similar to that of healthy ones. Soon after death the 
reddish tint of healthy larvae changes to a brownish gray. The 


• Received for publication Apr. 23, 1935, issued September, 1935, 

^ White, O. F. potato beetle .septicemia, with the proposal of a new species or bacterit m. p^nt. 
Soc. Wash. Proc. 30: 71-72. 1<»28. 

* HORNWORH SEPTICEMIA. JouT. Agr Research 2C. 477-480, illus. 1923. 

4 CUTWORM SEPTICEMIA. JouF. Agr. Reseorch 487-190, illus. 192:1. 
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RELi.£<4 DU MEXIQUE. Compt. Rend Acad. Sci. [ParisJ 164 623-62,5. 1912. 
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Fiquks 1.— Potato beetle septicemia: At I/arva sick of potato beetle Hepticemia, natural infection; B, larvae 
sick or dead of potato beetle septicemia, Inoculated experimentally, Cand t>, larvae dead of potato beetle 
septicemia, natural Infection. E and F, larvae and adult, respectively, dead of potato beetle septicemia, 
inoculated experimentally; G, catalpa sphinx larva inoculated with Badllna leptinotarMe: H, homworm 
Inoculated with B. leptinotarsae; I, silkworm inoculated with B. teptinotarme; J, cutworm inoculated 
with B. leptinotarsae. 
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black markings remain unchanged. As decay advances the color 
de^ens^ becoming a dark CTay, dark brown, or nearly black. 

The dead larvae retain for a while the surface contour of healthy 
ones; but as drying takes place, the surface of the body beco.mes 
roughened, and within a week the remains are a shriveled, dark, 
brittle mass (fig. 1, Cy D), During most of the period of decay the 
resistance of the body wall to tearing is similar to that of healthy 
larvae. The decaying mass is nonviscid. Usually the odor is slight 
and not particularly disagreeable. 

TECHNIC 

The laboratory methods used in these studies were in general 
similar to those commonly employed in disease work. Good results 
were obtained from the incubation of cultures at room temperature 
or at approximately 30° C. In addition to the usual laboratory 
animals, larvae and adults of the potato beetle, silkworms {Bombyx 
mori L.), homworms {Phlegethontim quinquemarulata Haw. and P, 
next, a Joh.), various species of cutworms and white grubs, and cater- 
pillars of the catalpa sphinx {Ceratornia catalpae Bdv.) were used for 
experimental purposes. The puncture and feeding methods employed 
in earlier studies ^ were followed. When a fine needle was used and 
care was exercised to limit the injury caused to the body wall, death 
resulted only occasionally from trauma inflicted by puncture inocu- 
lations. 

Potato plants growing in pots served well as food for the larvae 
and adult potato beetles after they had been inoculated. Following 
puncturi’! inoculations the insects were placed un.mediately on the 
potted plants. In the feeding inoculations the plants were sprayed 
with an aqueo\is suspension of disease .material or with cultures, and 
the insects to be inoculated were placed on them while the plants 
were still wet. In inoculations by immersion the insects were im- 
mersed in a beaker containing the culture and afterward placed on a 
growing potato plant. 

A caraboard or other suitable paper was fitted about the base of 
the plant for collecting dead or sick insects as they fell from the plant 
or otherwise left it. The mature, unaffected larvae leaving the plant 
may escape and, reaching the soil within the pot, burrow into it for 
pupation. Moribund larvae and even dead ones occasionally are 
found adhering to the plant (fig. 1, B)y as was observed in potato 
beetle septicemia encountered in nature. 

POST-MORTEM CHANGES IN EXPERIMENTAL INSECTS 

The changes occurring in the bodies of insects that die from 
experimental infection with cultures of Bacillus leptinotanae vary 
somewhat with the different insect species used, and Rightly with 
the different cultures employed in the inoculations. Temperature 
and moisture tend to modify the speed of the changes that oc^r and 
to some extent their character. Potato beetle larvae (fig. 1, that 
died from experimental inoculation showed post-mortem changes 
similar to those observed in larvae that died of the disease in nature. 


^ Whitk, 0. F. _ Soo footnotfi 8. 
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Silkworms (fig. 1, /) in the fiftli instar inoculated with disease 
material of infected insects or with pure cultures of Bacillus leptino- 
tarsae die within 24 hours when the temperature of the room is 30® C. 
or higher. Soon after death the remains turn a light brown, which is 
preceded at times by a slightly greenish hue. At first the color 
changes are not uniform over the entire body but by the end of 24 
hours they become so. The hue is then brown which gradually 
darkens until it becomes almost black. The body wall soon yields 
easily to tearing, and the contents become a moist, thick, brown 
mass. When allowed to dry the remains become brittle by the end 
of a week. The odor from the bodies is not particularly offensive 
when they are left in the open, but becomes so when they are confined. 

The post-mortem changes in hornwonn larvae (fig. 1, H) that have 
died from experimental infection with Bacillus leptinotarsae are 
similar to those noted for silkworms. 

The bodies of catalpa sphinx larvae (fig. 1 , G) that have died from 
experimental inoculation with the bacillus soon turn brown. During 
the first day of post-mortem changes the body wall will usually sup- 
port the weight of the dead larva, but later it becomes less resistant. 

The bodies of cutworms (fig. 1, J) dead from experimental infection 
become a deep brown within 2 days. The body wall is then easily 
torn, and the decaying tissues are a moist, thick, brown mass which 
is brittle after it becomes dry. 

White grubs that have died from puncture inoculations may first 
present a mottled appearance, but later they become a brown which 
may appear almost black. 

OCCURRENCE OF POTATO BEETLE SEPTICEMIA 

A disease of the septicemia group may be suspected when cultures 
made from insects dying in nature yield a luxuriant growth of numer- 
ous colonies of a small actively motile bacillus. Such a disease is 
further indicated when silkworms or other experimental insects 
inoculated by puncture with the bacillus die within 1, 2, or 3 days 
and death is accompanied by a septicemia and follo^ved by post- 
mortem changes characterized by a dark-brown color and softening 
of the remains. 

On June 10, 1921, Doris H. Blake, of the Bureau of Entomology, 
while engaged in biological studies on the potato beetle, found larvae 
in Washington, D. C., that were dead from a cause unknown to her. 
Two silkworms inoculated by puncture with an aqueous suspension 
of one of these larvae died within 24 hours. Five silkworms inocu- 
lated with the blood from the two dead silkworms died also. The 
blood of these recently dead worms contained many short motile 
rods. Agar plates made from the bodies yielded numerous gray 
colonies of an actively motile bacillus. The bodies became soft and 
turned brown. The presence of a disease of the septicemia group 
was therefore indicated. 

On August 29, 1921, W. H. White, also of the Bureau of Ento- 
mology, collected sick potato beetle larvae from potato plants at 
Arlington, Va. A short, actively motile bacillus that produced a 
gTfty ^owth was isolated from each of the larvae that were cultured. 
Two healthy potato beetle larvae were inoculated with cultures from 
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each sick larva. All the inoculated larvae died within 2 days. The 
indications, therefore, were that this disease also belonged to the 
septicemia group. 

On August 15, 1922. the writer collected about 50 potato beetle 
larvae, some sick and others recently dead, from potato plants 
pown on the plot in Washington where Blake had found diseased 
larvae the year before. Some of the larvae were adhering to the 
food plants, although most of them were on the surface of the ground 
about the plants. Twelve of these were cultured, and each yielded 
gray colonies of an actively motile bacillus. A culture was made 
from a gray colony from each of the 12 plates. Inoculation of silk- 
worms with these cultures showed 11 to be pathogenic, indicating a 
disease of the septicemia group. It seemed important that the cul- 
ture from one gray colony was not pathogenic. 

On August 20, 1923, a search was made for potato beetle larvae 
on the potato plants of the plot in Washington where, during each 
of the 2 preceding years, diseased larvae had been collected. Only 
six small to medium-sized larvae were found. Three of these were 
dead, but the other three presented ho noticeable symptoms of disease. 
Agar plates made from each of the six larvae yielded gray colonies in 
each instance. Five silkworms were inoculated from each plate, a 
different colony being used for each worm. All the 30 worms died 
on the following dav, the remains in each instance soon becoming 
soft and brow^n, t'hese observations indicated that the 3 dead 
larvae had died of potato beetle septicemia and that the other 3, 
while not yet showing symptoms of the disease, were infected. 

No dead potato beetle larvae were found during 1924 on the potato 
plot where during each of the 3 preceding years the disease had been 
encountered. Death from the disease may have occurred, however, 
since dead larvae may easily pass unnoticed on soil which has recently 
been cultivated and which has not been smoothed and hardened by 
rains. 

The potato plot m Washington which offered the opportunity 
for a study of the occurrence of potato beetle septicemia and furnished 
much of the material for these studies had been used for potatoes for 
a number of years. As the primary purpose in maintaining the plot 
was to proviae material for biological studies on the Colorado potato 
beetle, at least two plantings were made in it each year. After 1924 
the plot was used for another purpose. 

VIRULENCE OF BACILLUS LEPTINOTARSAE 

Other data regarding the virulence of Bacillus leptinotarsae are 
shown in table 1, which gives the results with 15 cultures, each iso- 
lated from a different larva found in nature sick or dead of potato 
beetle septicemia. . 

The results recorded in table 1 may be smnmarized as follows: Of 
88 potato beetle larvae inoculated, 85 died within 2 days; of 244 
silkworm larvae, 243 died within 1 day; all of 15 hornworm larvae 
died within 2 days; all of 17 cutworm larvae died within 3 days; ml 
of 19 catalpa sphinx larvae died within 2 days; all of 4 white grubs 
died within 2 days; and of 19 adult potato beetles inoculated, 15 
died within 1 1 days. 



Table 1. — Tests showing the virulence of Bacillus leptinotarsae to various insects 
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It will be observed that among the larvae inoculated by puncture 
with Bacillue leptinotarsae an extremely high mortality resulted 
within 3 days. Adults are not so susceptible to infection with this 
organism. It will be noted further that the virulence of cultures on 
artificial media is retained over long periods. 

Feeding and immersion methods wore also employed in attempts to 
transmit the disease to potato beetle larvae. In two tests in which 
42 larvae were inoculated by feeding, 7 died within 8 days.** Fifty 
larvae were placed on potted potato plants which had been sprayed 
with a 48-hour bouillon culture of the bacillus. No evidence of 
infection was seen among these. Of 75 larvae immersed in an aqueous 
suspension of an agar culture and then placed on a potted potato 
plant, 3 died within 5 days. Whether these 3 died from the inocula- 
tion is not known. 

EXCITING CAUSE 

Bacillus leptinotarsae is the bacillus found in potato beetle septi- 
cemia in nature and the one present in the septicemia experimentally 
produced in the insects inoculated by puncture with material from the 



potato beetle disease. Both in the disease as it occurs in nature and 
in the experimental one this bacillus seems to be the immediate cause 
of death. Whether it is the primary exciting cause of the potato 
beetle disorder is yet to be determined. 

Inoculation of the common and usual differential media with 
Bacillus leptinotarsae is followed by abundant growth. 

Morphology. — The common name ‘‘coccobacillus^^ suggests the morphology 
of the species. The rods from a 1-day agar culture are small and short with 
rounded ends (fig. 2, A). Some are ovoid, and many resemble cocci. They 
measure about 0.9/* in length and 0.6m in width. The rods from a 1-uay bouillon 
culture measure 1.1m in length. In older cultures they average slightly longer. 
Flagella are peritrichic (fig. 2, B) ; frequently only 1 is seen, and it is not polar. 
More often there are 2, 3, or 4, but rarely more than 4. Spores are not produced. 

Motility. — M any of the shorter rods progress actively. 

Staining properties. — The rods stain readily and uniformly. Ihey are 

Gram-negative. . u a x .a 

Agar plates. — Growth takes place rapidly. The colonies are gray by reflected 
and bluish by transmitted light. The border is entire and the surface oval and 

* Three of the 7 dead larvae were parasltieed by fly larvae. The gross appearance of the others did not 

indicate that they had died from inn^tion with B. leptinotanae. 
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glistening. Magnified, they are finely granular. The mass is nonviscid and 
adheres to the medium. 

Agab slant. — ^Within 1 day a moderate bluish-gray nonviscid growth takes 
place. 

Gelatin stab. — A white growth with beginning of liquefaction is present along 
the stab after 24 hours at room temperature. The liquefaction continues and 
becomes orateriform, infimdibuliform, and sometimes stratiform in 5 days. A 
friable pellicle forms which later sinks. 

Potato. — A moderate moist gray growth occurs within 2 days, which may 
become slightly brownish. 

Bouillon. — Growth takes place rapidly, the medium becoming slightly 
clouded within a few hours and heavily clouded within a day. A ring of gray 
growth adheres to the wall of the tube. A friable pellicle may form and later 
sink. The medium remains clouded and the sediment becomes heavy. 

Milk. — A soft ooagulum forms after 2 or 3 days and slow digestion takes place. 

Litmus milk. — The milk is unchanged during the first day. Within a week 
the color is discharged. 

Cakbohtobatbs. — Growth is usually increased by the addition of carbo- 
hydrates. Fermentation with acid production takes place in dextrose, galactose, 
levulose, maltose, mannose, mannite, glycerin, dextrin, xylose, and the glucoside 
salicin. The slight acidity occurring in lactose and arabinose is soon changed to 
alkaline. No acid is formed in raffinose, inulin, er^hrite, or inosite. 

Theemal death point. — A suspension in physiological salt solution is killed 
within 10 minutes at 52® C. 

Resistance to dbying. — An aqueous suspension from a 4-day agar culture 
on drying is dead within 3 hours. 

PATHOGENESIS 

Practically 100 percent of the potato beetle larvae inoculated by 
puncture with pure cultures of BaciUus leptinotarsae die from the 
infection produced. The period from inocidation to death ranges 
from less than 1 to more than 3 days. The course of the experi- 
mental disease varies with the insect species inoculated, the tempera- 
ture, and slightly with the culture employed. Some cultures kept 
on agar with occasional transfers have retained their virulence for 
silkworms for more than 8 years. That of others has diminished. 

A white mouse receiving intraperitoneally about 100,000 bacilli 
from a 48-hour agar culture became ill within 2 hours, later lying on 
its belly with the flanks depressed. Within a few hours it recovered 
and remained well thereafter. A rabbit similarly inoculated with 
about 200,000 bacilli was somewhat sluggish 4 hours after the inocu- 
lation, but soon recovered and remained well. A guinea pig, white 
rat, and two chickens receiving intraperitoneally about 200,000 bacilli 
manifested no symptoms of disease. 

The recovery of Bacillus leptinotarsae from potato beetle larvae 
sick or recently dead of potato beetle septicemia, the experimental 
infection of healthy potato beetle larvae with a pure culture of the 
species by the puncture method, followed by death of the larvae with 
post-mortem changes similar to those of potato beetle septicemia, 
and the recovery of the bacillus in pure culture from the tissues of 
the experimental insect are easily accomplished. These observations 
tend strongly to indicate that the baculus is the inciting cause of 
potato beetle septicemia. However, the extremely low mortality that 
follows both the feeding and the immersion methods of inoculation 
lead one to inquire further regarding the primary exciting cause of 
the disorder. 
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CULTURES FROM APPARENTLY HEALTHY LARVAE 

Examinations were made of apparently healthy potato beetle 
larvae to determine the presence or absence of pathogenic bacterial 
species in the intestines. A bit of feces expressed from a larva and 
streaked on the surface of an agar plate usually sufficed for obtaining 
fairly well isolated colonies. One plate was made from each larva 
examined. Silkworms were inoculated by puncture from these 
plates, each worm receiving a culture from a different colony. Ordi- 
narily five worms were inoculated from each plate. When the 
inoculated worms manifested symptoms and died, and the post- 
mortem changes resembled those of worms that had died from inocu- 
lation with Bacillus leptinotarsae, this pathogenic species was sus- 
pected. 

The apparently healthy larvae, studied during 1923, were taken from 
potato plants grown on the same plot of ground where larvae, dead 
of potato beetle septicemia, had been found during each of the 2 pre- 
ceding years. Gray colonies resembling those of Bacillvs leptino- 
tarsae were selected for examination. 

On June 8, silkworms were inoculated from 3 plates. None of the 
15 worms inoculated from these died. On June 9, silkworms were 
inoculated from 7 other plates. All the 25 worms inoculated from 
5 of these plates remained well. All of the 10 worms inocuilated from 
the other 2 plates died. On Jxme 11, silkworms were inoculated 
from 12 plates. None of the 55 larvae inoculated from 11 of these 
plates died. Two of the five worms inoculated from the other plate 
died, the remaining 3 being unaffected. 

The other observations for 1923 on apparently healthy potato 
beetle larvae are as follows: All the 10 gray colonies examined from 
2 of 35 larv^ae were pathogenic to silkworms; 3 of the 5 colonies 
examined from another larva were ])athogenic; and none of the 
colonies selected from plates made from the remaining 32 larvae were 
pathognic. 

The bacterial species isolated from apparently healthy potato 
beetle larvae which formed gray colonies and which was pathogenic, 
to silkw'orins was found upon cidtural study to be Bacillus lepiino- 
tarsacy the others were not. 

Further studies w ere made during 1924 on the bacteria of apparently 
healthy potato beetle larvae. A species producing yellow colonies, 
one producing gray colonies similar to those of Bacillus leptinotarsae , 
and a species of ikreptococcus were examined in addition to Bacillus 
leptinotarsae. Most of the larvae studied were taken from the same 
potato plot from which the larvae examined in 1923 had been 
collected. • r f 

On June 18, 10 agar plates were made, each with a bit of feces 
from a different potato beetle larva, and the gray colonies we^e 
chosen for testing. All of the 20 worms inoculated from 4 of the 
plates died, 14 of the 20 worms inoculated from 4 other plates died, 
and all of the 10 worms inoculated from the remaining 2 plate^ u ‘ 

On July 15, 11 agar plates were made from 11 apparently healthy 
potato beetle larvae obtained from a locality 8 miles distant from the 
plot in Wasliington which had furnished larvae for the studies reported 
above. When 4 gray colonies from each plate were used, none oi 
the 44 silkworms inoculated from the 11 plates died. 
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On June 25, 14 agar plates were made from 14 healthy larvae. 
In each instance the expressed feces were added to 1 cc of sterile 
water, and a plate was made from the suspension. Gray colonies 
were obtained on 10 of the 14 plates, yellow ones on 12 of them, and 
a species of Streptococcus on 6 of them. The number of yellow 
colonies per plate ranged from 1 to 14; the gray ones, from 1 to 
300; and the Streptococcus ^ from 2 to 200, the larger counts being 
estimated in each instance. 

On September 2, 16 agar plates were inoculated each with the 
diluted feces from a different potato beetle larva. One of the plates 
remained sterile. The rest bore gray colonies ranging in number from 
a few to many. Some of them also contained yelfow colonies of a 
nonpathogenic, nonmotile bacillus and a few contained a species of 
Streptococcus, The pathogenic species forming gray colonies studied 
during 1924 were found to have the cultural characteristics of Bacillus 
leptinotarsae. 

From this preliminary study on apparently healthy potato beetle 
larvae it is seen that some larvae taken from a plot where potato 
beetle septicemia had occurred harbored Bacillus leptinotarsae, and 
that a nonpathogenic bacillus resembling B, leptinotarsae, a non- 
pathogenic streptococcus, and a nonmotile, nonpathogenic chroinogen 
were often present also. 

COMPARISON OF BACILLUS LEPTINOTARSAE, B. SPHINGIDIS, 
AND B. NOCTUARUM 

The morphology and cultural characteristics of Bacillus leptino^ 
tarsae, B, sphingidis, and B, noctuarum are similar. Variations 
within each species are comparable to the slight variations noted for 
the different species. The pathogenesis of these different species 
observed when silkworms are inoculated by puncture is also similar. 
Differences have been found in agglutination tests for the different 
species. Agglutination variations, too, are found among the different 
cultures of B, leptinotarsae isolated from the same outbreak of the 
disease. Serum from a rabbit immunized with B. leptinotarsae show- 
ing an agglutination titer of 1 : 1,600 for the culture used agglutinated 
some other cultures of the species at 1 : 1,600, some at 1 : 400, some at 
1 : 200, and some were not agglutined. 

In giving another name to the bacillus occurring in potato beetle 
septicemia which is so similar to the species occurring in hornworrn 
septicemia and to the one in cutworm septicemia, the writer is follow- 
ing the example of others working on this disease group. When the 
group has been more fully studied a different classification of these 
species may be made. 

DIAGNOSIS OF POTATO BEETLE SEPTICEMIA 

The presence of potato beetle septicemia may he suspected if the 
number of larvae in a beetle infestation should diminish rapidly 
from no apparent cause. The disease is further indicated if dead 
larvae of different ages showing post-mortem changes characteristic 
of the disease are found on the ground. A positive diagnosis is made 
by finding Bacillus leptinotarsae in sick or dead larvae. The disease 
must be differentiated from insect parasitization and death from 
insecticides. 
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PREDISPOSIKG CAUSES OF THE DISEASE 

If Bacillus leptinotarsae is the primary exciting cause of potato 
beetle septicemia, predisposing factors probabljr play an important 
role in the causation of the disease. Since few if any potato beetle 
larvae died from feeding or immersion inoculations, these insects, it 
seems, must possess protective agencies which tend to prevent the 
ent^ of the organism into the blood. 

\lost of the larvae found dead of the disease in nature were either 
small or of inodium size. In experimental inoculations also larvae of 
these sizes died sooner than those that were nearly mature. 

Death from inoculations takes place sooner during hot weather 
than when the temperature is lower. That the season of the year is 
a predisposing factor for the disease is indicated by the observations 
that the heaviest mortality occurs in August. 

TRANSMISSION OF THE DISEASE 

Since the intestinal tract, the blood, and various tissues of the 
potato beetle larvae are places of multiplication of Bacillus leptino- 
tarsafy the feces of such larvae and the bodies of those dead of the 
disease maj contaminate the soil with the bacillus. As the viability 
of the bacillus is well maintained in damp earth, the soil remains a 
possible source of infection for long periods. 

While it seems likely that the bacillus may at times gain entrance 
to the blood of the larvae by way of the alimentary tract, experi- 
mental evidence indicates that the insect possesses protective forces 
which markedly restrict infection by this route. Owing to the ease 
with which infection may be induced by puncture inoculations, 
injuries to the body Avail by enemies of the larvae are to be considered 
as possible factors in the transmission of the disease. Among enemies 
reported for the potato beetle are a ladybird, ground beetles, soldier 
bugs, robber flies, a tachinid fly, mites, and spiders. 

BACILLUS LEPTINOTARSAE AS A FACTOR IN THE CONTROL OF 
THE COLORADO POTATO BEETLE 

In each year of the three that potato beetle septicemia was found 
in the field the presence of the disease was accompanied and followed 
by a rapid decrease in the number of larvae in the infestation, although 
tliere were at the time an abundance of food and many adult beetles. 
In the absence of any known cause for the decrease the disease must 
be considered a possible causative factor. 

The heaviest mortality accompanying the disease has been noted 
among larvae of the last brood for the year. If the overwintering 
insects should be largely of this brood the disease would seem to have 
an added importance in the natural control of the pest. 

Inasmuch as the disease is not readily transmitted through feeding 
inoculations with Bacillus leptinotarsae y the spraying of potato plants 
with cultures of this organism cannot be recommended at the present 
time as a means of artificial control. Whether artificial contamina- 
tion of the soil with disease material or some other artificial use oi 
the disease would be helpful in effecting control are problems for 
further study. 
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More data on the distribution and seasonal incidence of, and 
mortality from, the disease are much needed. It would be partic- 
ularly instructive to know what insect and other enemies of the 
potato beetle are operating before and during the occurrence of the 
disease. Such observations would furnish useful information regard- 
ing the causes of the disease, its importance in the natural control of 
the pest, and its possible use in artificial control measures. 

SUMMARY AND CONCLUSIONS 

The present paper includes a description of, and a report on, 
preliminary studies of a disease of the Colorado potato beetle. 

A frank septicemia in the moribund insect is a marked characteristic 
of the infection. This fact suggested the name potato beetle sep- 
ticemia for the disease. 

The bacillus occuriing in the septicemia is a short, actively motile, 
Gra.m-negative rod, to which has been given the name BacUlns 
leptinotarsae. 

Another bacillus found in cultures from larvae dead of potato beetle 
septicemia is morphologically and culturally similar to B. leptinotarsae, 
but is not pathogenic. 

A nonpathogenic streptococcus occurred in considerable numbers 
in some of the larvae sick or dead of the disease. 

Plate cultures made from feces expressed from healthy potato 
beetle larvae usually yielded only a small number of colonies. Only 
a few species occurred, and these often were chromogens. 

The virulence of cultures of B. leptinotarnae on artificial media 
has changed little in 8 years. 

It seems probable that potato beetle septicemia is a factor in the 
natural control of the Colorado potato beetle. Further studies are 
needed to demonstrate its importance in artificial control measures. 




ROSE BLAST INDUCED BY PHYTOMONAS SYRINGAE ‘ 

By H. R. Rosen 

Plant pathologist, Arkansas Agricultural Experiment Station 

INTRODUCTION 

Early in May 1933, a malady which apparently has not been 
described was detected in a rose garden at Fayetteville, Ark., on th<‘ 
well-known hybrid perpetual, Magna Charta. It involved recep- 
tacles, calyx lobes, flower stalks, and leaf petioles, being most abund- 
ant on receptacles and relatively rare on leaf petioles. 

SYMPTOMS 

The affected portions appeai'ed as blackish-brown, dead spots and 
streaks, which varied considerably in size and shape (fig. 1). Some 
took the form of small oval-shaped or rounded spots, not more than 
1 mm in diameter, while others were large narrow streaks involving 
5 to 8 cm of tissue in the longest diameter. The individual spots and 
streaks appeared depressed or sunken as compared with adjoining 
healthy tissue, particularly on the receptacles and pedicels, and sug- 
gested a collapse of the cells involved in the diseased areas. A narrow 
red border often delimited the diseased parts. On the large calyx 
lobes, characteristic of Magna Charta, the disease, starting at th(‘ 
base, often ran the whole length of the lobe. In most instances the 
affected buds failed to open, and may be said to have been blasted or 
blighted. 

Microscopic examinations of diseased areas revealed great numbers 
of bacteria within the tissues, the bacteria readily clouding the water 
medium when slight pressure was applied to the cover glass. In this 
respect the disease closely resembed fire blight on rose buds. Indeed, 
the external symptoms bear a very close resemblance to those pictured 
by Kosen and Groves - on rose buds artificially infected with Erwinia 
<7 mj/toi^ora, except that droplets of bacterial e.xudatc were not observed 
in the disease here discussed, 

INOCULATION EXPERIMENTS 

Several pure-culture isolations were attempted, and isolates were 
obtained from two diseased receptacles, a calyx lobe and a petiole. 
Special studies were made of the morpholog 3 S the cultural and 
physiological reactions, and the pathogenicity of these isolates. 
Since artificial inoculations on shoots of pear {Pyrus communis) 
fig. 2) resulted in blackish discoloration of leaf blades that were 

^ » Received for publication Mar. 27, 1935; issued September 1935. Research Paper No. 391, Journal 

* Rose^ H^^^RM^and^GJ^VEs, A. B. studies on mEBUGHT: host range. Jour. Agr. Research 37: 
40a-5O5, Ulus. 1928. 
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located considerably beyond the bacteria-invaded stem tissue, it 
appeared that the pathogen might belong to the Phytomonas syringae 
group and not to Erwinia amylovora (see Rosen and Bleeker).^ To 
test this theory the rose isolates were grown on Uschinsky's solution 
and on beef-infusion agar, two media which are conducive to the 



FiouRC 1.— Natural infections on rose calyx lobes, receptables, pedicels, and petiole (extreme left) of Magna 

Charta. Slightly reduced. 

development of the greenish fluorescent pigment characteristic of 
P. syringae. All of the rose isolates, when transferred to these 
media, developed a pigment which appeared very similar to that 

P roduced by authentic cultures of P. syringae, P. citripvteale, and 
*. prunicola. 

a Rosbm, H. R., and Blebckbr, W. L. comparativb sbrolooical and patbolooical invrstioations 
OP rax mx-BUQHT OBQANI8M AND A PATBOOKNIC fLVORXaCXNT QBOUP OF BACTERIA. JOUr. Agr. RcSCarCh 
46: 96-119, Ulus. 1933. 
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Fonner work by Rosen and Bleecker had shown the lemon to be a 
diuBrontiftl nost b6tw66n Rvw%%ixi fivn/ylovovcL and PhytotfioTids syviTiQdB 
the fire blight pathogen producing little or no effect on this fruit while 
the various forms of P. syringae produced typical black pit lesions 
Consequently, if the rose isolated were related to P. syringae, they 
should produce conspicuous blapkish depressed spots on lemons 



Figure 2. -Artificial infections on Bartlett pear shoots with a pure-culture isolate from a diseased rose 
receptacle. Note blackish discolorations of stem tissues (around points of inoculation) , and the srotylike 
discolorations of the extreme upper leaf blade, central shoot, characteristic of such artificial infections 
on pear, and serving to distinguish Phytomonas syringae from Erwinia amylopora. 

Needle-prick inoculations on 12 lemons with these rose pathogens, 
contrasted with E» amylovora inoculations made at the same time, 
resulted in the production of blackish spots with the rose isolates and 
none with the fire blight pathogen (fig. 3). The spots were character- 
istic of those produced by P. citriputeale (one of the many names 
under which P. syringae has been described). For a relatively rapid 
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and simple differential test between E. amylovora and fluorescent 
rosaceous bacterial pathogens, the use of lemon fruit appears to 
offer exceptional advantages. 

In addition to pear twigs and lemon fruit, artificial inoculations 
were made on two varieties of roses. Mama Charta and Radiance 
(pink), and on young lilac shoots. All the inoculations on Magna 
Charta were made out of doors in a garden which had shown no 



Figure 3.— Artificial needle-puncture inoculations with pure-culture isolates from a diseased rose receptacle 
(A), and a diseased leaf petiole (B),; control, needle-puncture injections with sterile water (C), and 
with Erwinia amylovora {!)). Note marked infections with the rose isolates, and the little or no effect 
of E, amylovora. 

signs of the disease. On April 29, 1934, 11 flower buds of this variety 
were inoculated by means of needle punctures comparable to wounds 
made by thorn injuries, the inoculum consisting of 4-day-old nutrient 
dextrose-agar slant cultures of a rose-receptacle isolate suspended 
in sterile distilled water. Several leaf and flower clusters were 
atomized with similar water suspensions without wounding, the 
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bacteria beiM applied by means of sterilized, all-metallic artists' 
atomizers. Tnese atomizer inoculations were enclosed in ^lassine 
bags. A similar number of control inoculations were made by 
means of needle punctures and the use of sterile water, and by atom- 
izing unwounded shoots with sterile water and covering them with 
dassine bags. On May 3 all needle-puncture inoculations with 
bacteria showed symptoms resembling natural infections of rose 
blast (fig. 4). All the controls were free from disease symptoms 
other than very limited brownish spots centering around the needle 
pricks. By May 8 the infected areas on some of the buds inoculated 
by needle punctures had involved one-third or more of the receptacle 
circumference, 1 or 2 calyx lobes, and the upper third of the pedicels. 
In these inoculations, the portion of the bud which showed no de- 
pressed, brownish areas turned a sickly yellow and the buds with 
attached pedicels aborted and dropped from the plant. All checks 
remained healthy, the blossoms opening normally and remaining 
attached to the plant. No sure signs of infection were obtained in 
the \inwounded atomizer inoculations. From one of the artificially 
infected buds the organism was reisolated, grown in pure cultures, 
and inoculated on several Bartlett pear shoots, on which typical 
Phytomonas syringae symptoms appeared. 

Numerous attempts to infect Radiance plants maintained in a 
greenhouse by needle-puncture inoculations, by hypodermic injec- 
tions, and by spraying with bacterial water suspensions on young 
buds and leaves, were failures. Beyond wound injuries made by 
the needles, the inoculated plants showed no signs of disease. Under 
greenhouse conditions at least, Radiance appears to be nonsusceptible 
to this disease when Bartlett pear shoots similarly inoculated are 
very susceptible. 

On April 5, 1934, tender shoots of lilac {Syringa vulgaris) attached 
to plants growing out of doors were inoculated with different isolates 
of Phytomonm syringae by means of hypodermic injections. The 
first signs of infection appeared on April 9. Ten shoots were inocu- 
lated witli each isolate. The number infected is shown below. 


Isolate : 

Rose receptacle 

Pear receptacle ^ 

Pear petal * 

P. syringae from lilac , 

P. prumcola ^ 

Pear (Garber) . 

Controls (sterile water) _ _ 


Number 
of ghooto 
injected 
8 

. 7 

. _ 7 

1 

__ 0 

0 

0 


In addition to the hypodermic injections, several lilac leaf clusters 
were inoculated without wounding by atomizing with water suspei^ 
sions of the following isolates: Rose receptacle, pear petal, and 
Phytomonas syringae. Six days later the only lilac leaves imected 
were those ato.mized with the isolate from rose receptacle, and wen 
these were very sxnall, pin-point lesions on a few leaves. These 
results coupled with those shown above, leave no doubt that the rose 
isolate is parasitic on lilac (fig. 5). The fact that the rose isolate 


* These isolates were the ones previously studied by Rosen and Bleecker. See footnote 3, 
17047 -36 4 




FiGUBE B)t Artificial needle-puncture inoculations on Magna Charta rose with a pure-oulture 

Mate from rose blast; C, needle puncture on control. Photographed 9 days after inoculating. Compare 
with figure!. 
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produced a greater number of mfections on this host than the lilac 
bhght isolate can perhaps be explained by the fact that the latter 
had been kept growmg m artificial cultures for several years and had 



Figuhk 6.— Artificial infections on lilac with a pure-culture isolate from rose blast. Photographed 6 days 

after inoculating. 


probably lost most of its vinilence. The same explanation may be 
offered for lack of infections with several of the other isolates. The 
stem lesions produced by the rose blast isolates on lilac are com- 
parable to those described by Bryan ^ for lilac blight. 


< Bhyan, M, K, UUC QidOQT IN T«* VNiTJSD STATBS, JouT. Agr. Research 36: 226-235, illus. 1928 
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CULTURAL CHARACTERS OF THE ORGANISM 

In culture media and in stained preparations, the rose blast isolates 
are comparable to the other isolates noted previously. They are all 
rapidly growing, motile, polar-flagellated rods (fig. 6), which as 
isolated colonies on nutrient agar plates are round, glistening, white 
or ^ayish white, butyrous, pulvinate, and definite-margined. If 
bee^infusion agar is used instead of beef extract, the agar aroimd the 
colonies turns greenish yellow. Comparable pigment is produced 
in Uschinsky’s solution and in beef-infusion broth. 



Firurb 6 --:^re-culture isolate of a rose receptacle, from a 2()-hour-ol(l nutrient agar slant culture gtown 
at 26** C.; stained to show flagella (Rosen Cr 1 M stain). Note polar arrangement. X 1,425. 

COMPARISON OF ROSE BLAST WITH OTHER ROSE DISEASES 

RESEMBLING IT 

As to other diseases of roses which resemble rose blast or which may 
be confused with it, the bacterial disease recently described very 
briefly by White ® is of special interest. He noted it on greenhouse 
roses, particularly on the hybrid tea varieties Souvenir and Talisman. 
It appeared as brownish spots, often with a reddish border on leaves 
(blades?), on calyxes, on outer petals (in the form of *Mark brown 
water-soaked decay ^0, and on young stems (small, reddish spots). 
He briefly notes that the bacterial colonies are gray (yellowish by 
transmitted light, as many grayish or whitish bacteria are likely to 
be), ^‘circular with smooth regular margins and a glistening surface.^^ 
So far as this description of the bacteria is concerned, it might be 
applied to Phytomonas syringae, though it is entirely too inadequate 
to be applied with certainty. Nothing is said about any pigment 
production on various culture media, and some of the symptoms as 

disease of rose. N. J. Agr. Expt. Sta. Nursery Disease Notes, v. 5 
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well as the conditions under which the disease is produced suggest 
that it is different from rose blast. 

Several other maladies which may be confused with bacterial blast 
of roses are of nonparasitic or^. These are (1) a browning and 
withering of flower buds of Rom rngom varieties and nearly all 
hybrid rugosas grown in the South, including F. J. Grootendorst and 
Sm Thomas Lipton. This the writer considers to be in the nature of 
species or varietal response in regions unadapted or adverse to this 
particular group of roses. (2 ) The well-known browning and blighting 
of many hybrid perpetuals and nearly all hybrid teas and teas which 
possess many petals, a malady which is seemingly associated with 
extremes of temperature, with perhaps the low temperatures doing 
most of the damage. In the ^utb. General Jacqueminot, a great 
favorite of northern rose growers, is notoriously susceptible to this 
fonn of disease, while among l^brid teas Francis Scott Key, Dame 
Edith Helen, Jonkheer J. L. Mock, Willowmere, and Columbia not 
infrequently develop a “balling” and blighting of flower buds, par- 
ticularly in the early part of the growing season. Various types of 
insect injury at times involve a browping and killing of the buds. 

DISTRIBUTION OF ROSE BLAST AND OBSERVATIONS ON 
VARIETAL BEHAVIOR 

The fact that rose blast is here reported apparently for the first time 
and from one locality only, suggests that it is limited in range or that 
it is of relatively rare occurrence. However, in view of the wide range 
of hosts that have been described for various isolates of Phytomonas 
xyringae, if the writer’s identification of the pathogen is correct it may 
be widely distributed, both in this country and in Europe, but limited 
in occurrence by weather conditions. It is to be looked for primarily 
in the early part of the growing season during exceptionally cool and 
wot weather. 

As to varieties other than Magna Charta that may be susceptible 
to rose blast, Georg Arends, a hybrid perpetual, growing in another 
rose garden at Fayetteville, had flower buds that appeared to be 
affected with this disease. 'The diagno.sis was uncertain, however, no 
culture work having been attempted. It is of interest to note that 
standing close to the diseased Magna Charta were a number of other 
rose varieties, includingat least three hybrid perpetuals, Paul Neyron, 
Mrs. John Laing, and Frau Karl Druschki; several hybrid teas and 
teas, including Red-Letter Day, Madam Butterfly, Talisman, Red 
Radiance, Dame Edith Helen, and White Maman Cochet; and a 
supposed polyantha, Gruss an Aachen, which showed no symptoms 
of the disease. Whether this is indicative of a true resistance of 
these roses or whether it was merely a fortuitous occurrence cannot 
be stated with certainty. 

SUMMARY 

A disease of roses involving receptacles, calyx lobes, pedicels, and 
petioles is described. The disease is beheved to be new_ to sewn^. 
The malady termed “rose blast” caused by bacteria, and the 
pathogen has Wn identified as Phytomonas syringae. 




INHERITANCE OF RESISTANCE TO MILDEW, ERYSIPHE 
GRAMINIS HORDEI, IN A CROSS BETWEEN HANNA 
AND ATLAS BARLEY ' 


By Frbd N. Bricsg8 2 

Assintant agronomist, California Agricultural Experiment /Station 
INTRODUCTION 

Barley mildew {Erysiphe graminis hordei) is a common disease in 
California. Although usually present in fields of barley {Hordeum 
Vvlgare L.), it is especially destructive to late-sown barley. Since 
the production of resistant varieties offers the only practical control, 
a studv of the inheritance of resistance to mildew in hybrids between 
several resistant varieties and Atlas barley, which is very susceptible 
has been imdertaken. As barley offers very good material for link, 
age studies, an attempt is being made to place the resistant factora 
in their proper linkage groups. The genetic information obtained 
will form the basis for a program of backcrossing by which it is expected 
to transfer resistance to the most important of the barley varieties 
grown in California. The present paper deals with data from the 
hybrids of Hanna X Atlas. 

WORK OF OTHER INVESTIGATORS 


As Hansen (7)^ has recently published an extensive review of the 
literature dealing with the inheritance of resistance to plant diseases, 
only a few papers will be mentioned here. 

Biffen (/), as early as 1907, studied the inheritance of resistance to 
mildew in a cross between Hordeum spontaneum and H. hexasticofur 
catuMy the former being the most resistant and the latter the most 
susceptible variety in a collection of 140 varieties. The Fi progeny 
was as completely attacked as the susceptible parent. In an F2 
population of 79 plants 56 were badly attacked, 16 bore a trace of the 
mildew, and 7 were free from it. If in addition to the 7 mildew-free 
plants the 16 that had a trace of the disease are considered as resist 
ant— a conclusion which seems justified since H. spontaneum showed 
a trace of the disease under the same conditions — the result is 56 
susceptible to 23 resistant. Although the number of plants was 
small and the results wore not verified in the F3 generation the data 
suggest the operation of a single recessive factor for resistance to 
mildew. . . , . . 

Dietz and Murphy ( 4 ) and Dietz (S) studied the mhentance of 
resistance to mUdew in crosses between resistant Goldfoil C. 1. 928 
and four susceptible barley varieties, Chevalier C. I. 156, Trebi C. I. 
936, Odessa C. I. 927, and Velvet C. I. 4252. In the four crosses 


^ Heoeived for publication Apr. 12, IftSfi; issued September 1936. 

* The writer wishes to acknowledge the assistance ox L. D. Whitney and 
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O. L. Barry in taking the mildew 


Journal of Agricultural Research, 
Washington, D. O. 


( 245 ) 


Vol. 61, no. 3 
Aug. 1. 1936 
Key no. Calif. -72 



246 


Jowrnal of Agriculturdl Research 


Vol. 61, no. 3 


there were 588 susceptible and 202 resistant plants — very close to a 
3 : 1 ratio. Taken individually, all the crosses gave ratios very close 
to 3:1 except Goldfoil X Velvet. Only 48 F2 plants, however, were 
grown from that cross. Enough F3 progenies were grown to verify 
the F2 classifications. The factor for resistance to mildew in the 
Goldfoil crosses differs from that in the Hanna hybrids, because in 
the former susceptibility is completely dominant, as Biffen found it 
in Hordeum spontaneum, whereas, as will later be shown, susceptibility 
is incompletely dominant in the Hanna cross. 

MATERIALS AND METHODS 

In the fall of 1929 Dr. E. B. Mains, then at Purdue University, 
generously supplied the writer with several barley varieties known 
by him to be resistant to one or more physiologic forms of barley 
mildew. These were selected from varieties used by Mains and 
Dietz (8) in studying physiologic forms of this disease. Of the 5 
forms discovered by them, Hamia C. 1. 906 was completely resistant 
to 4 but susceptible to the fifth, giving a type 4 infection. They 
recognized 5 types of reaction, 0 to 4, as follows {8, p. 2S1): 

Highly resistant, denoted as 0. Macroscopically, no mycelium is evident. 
Chlorotic or necrotic spots may be developed by some varieties. Microscopically, 
a slight amount of mycelium may develop and infection may be evident macro- 
scopically by faint flecks. 

Very resistant, denoted as 1. Slight to moderate develm)ment of mycelium 
evident macroscopically but with little or no sporulation. Chlorotic or necrotic 
spots developed by some varieties. 

Moderately resistant, denoted by 2. A moderate to abundant development 
of mycelium occurs, accompanied by a slight production of conidia. Chlorotic 
or necrotic areas are formed by some varieties. 

Moderately susceptible, denoted by 3. A moderate to abundant development 
of mycelium occurs, accompanied by moderate sporulation. 

Very susceptible, denoted by 4. Abundant mycelium is developed, accom- 
panied by abundant sporulation. 

The writer has followed this classification in designating the reaction 
of the varieties which were supplied by Mains, and which have been 
grown in the field at Davis, Calif., since 1930. As the 1930 crop was 
seeded in the fall, comparatively little mildew developed. Since that 
time these barleys have been seeded in late spring, and good mildew 
infections have resulted, although the readings have not always been 
so high as those obtained by Mains and Dietz in their greenhouse 
studies. The mildew here has corresponded very closely to their 
form 3, the only difference being a reading of 1 on an unnamed variety, 
C. I. 1021, where they obtained 0. It was interesting to find form 3, 
since their form 4 originally was collected in California and Idaho. 
According to Dietz (3), Dr. Lysle D. Leach collected form 4 at 
Davis, Calif., in 1927, 1928, and 1929. 

The hybrid populations were ^wn in the field at Davis in the 
same nursery with the differentia host varieties and were seeded at 
the same time. They were grown in rod rows 1 foot apart, the F2 
seed being spaced 6 inches part and the Fg 4 inches. Every fifth 
row was seeded to Atlas as a check. The disease developed entirely 
from natural infection. The mildew readings were made at about 
the time the plants were heading. 
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EXPERIMENTAL RESULTS 

CLASSIFICATION OF Ps ANO Fj PLANTS 

From 1930 to 1934, Hanna was given a reading of 0 . On a few 
occasions some mycelium developed, but in every case it was limited 
to 1 or 2 spots on an entire plant. Under the same conditions Atlas 
invariably was given a reading of 4. 

The Fg plants were grown m 1933. They were classified as either 
susceptible or resistant. Every plant on which any mildew was 
found was classed as susceptible. The resistant plants were tagged 
so that the classification could be checked in Fa. Out of a total of 
386 Fa plants, 286 were susceptible and 100 resistant. This is very 
close to a 3: 1 ratio, with 289.5 and 96.5 the numbers expected. 

Considerable variation was noted in the development of mildew 
on the susceptible plants, ranging from type 1 to type 4. It is be- 
lieved that the lower grades of infection represent heterozygous plants, 
that type 4 and possibly type 3 represent homozygous susceptible 
plants, and that the Fa plants could have been classified into a 1 : 2: 1 
ratio. This observation w'as confirmed in a study of heterozygous 
Fa rows which will be discussed presently. 

The Fa data indicate, therefore, that Hanna differs from Atlas 
in one factor for resistance to mildew and that susceptibility is in- 
completely dominant. 

Fa progenies of 30 to 40 plants were grown from 384 of the 386 Fa 
plants. Two plants failed to produce seed enough for an Fa row. 
The Fa results are found in table 1. 


Table 1. — Distribution of parent and F 3 rows of the cross named into susceptible , 
segregating, and resistant classes, grown in the field at Davis, Calif., 1934 


Parent or hybrid 


Rows of plants 


Susceptible 


Segrepaling 


Resistant 


Hanna parent. - 
Atlas parent... 
Hanna X Atlas. 


Number 


Number 


Number 


JOl 

97 



The Fa classification is very close to a 1 : 2:1 ratio, thus verifying 
the conclusion that the resistance of Hanna results from a single 
genetic factor. There had been a few errors in classifying the F 2 
plants. In 5 cases plants marked resistant proved to be heterozygous, 
and 5 classified as susceptible proved resistant. This is not surpris- 
ing, since even Hanna occasionally showed a trace of mildew and 
since in classifying the Fa all plants showing any mycelial development 
were placed in the susceptible group. All homozygous susceptible 
plants had been correctly classified. 

The segregating F 3 rows had an average of 73.9 percent susceptible 
plants. In the mscussion of the Fa results it was pointed out that 
not all the susceptible plants showed a high grade of infection, and 
it was suggested that heterozygous plants were intermediate in 
susceptibility. With this in mmd a few segregating Fa rows 
classified as completely susceptible, intermediate, and resistant. The 
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results gave a satisfactory 1:2:1 ratio, which it has not seemed neces- 
sai^ to verify by growing a progeny test. 

The Fa data confirm the conclusion that Hanna differs from Atlas 
in one factor for resistance to form 3 of barley mildew, and that 
susceptibility is incompletely dominant. 

LINKACJE STUDIES 

In an extensive review of the literature on the inheritance of resist- 
ance to plant diseases Hansen (7) found o^y a few cases of linkage 
between disease resistance and morphological characters in plants. 
Griff ee (6), studying resistance to Helminthosporium sativum in relation 
to several characters in barley, found a positive correlation between 
resistance versus susceptibility and the factor pairs (1) six-rowed 
versus non six-rowed, (2) rough versus smooth awns, and (3) white 
versus black glumes. Because homozygous resistant progenies are 
not easily recognized, Griff ee {6) was unable to learn much about the 
genetics of resistance to tliis disease except that it was correlated 
with the three factor pairs mentioned above. Since these factor pairs 
represent 3 linkage groups, he concluded that at least 3 factors for 
resistance were present in the resistant variety Svanhals. 

Barley offers favorable material for linkage studies because it has 
only seven pairs of chromosomes and the linkage between a number of 
factors has already been determined. Daane {2)^ in a critical survey 
of the literature on barley linkage, recognizes five well-established 
linkage groups with a number of factor pairs represented in each group. 

In the present paper data are available on three pairs of factors: (1) 
Resistance versus susceptibility to barley mildew, (2) six-rowed versus 
non 6-rowed spikes, and (3) short-haired versus long-haired rachilla. 
Hanna is resistant to mildew, is two-rowed (H. distichon type), and 
has a long-haired rachilla. Atlas has the allelomorph to each of these 
characters. The two last-named factor pairs have been found by one 
or more investigators to give monohybrid ratios. That they segre- 
gated according to expectation may be seen in table 2. 

Table 2. — F2 segregation of the factors listed in the cross of Hanna X Atlas ^ grown 

at DaviSf Calif. 


Character 


Susceptible to mildew — 

Kesistant to mildew 

Total 

Non 6-rowed 

6-rowed 

Total 

Long-haired rachilla 

Short-haired rachilla 

Total - 

» Values of P t^en from Fisher (5). 


Observed 

Expected 

x> 

pi 

Number 

200 

04 

Number 

288 

06 

0.0139 

.0417 


384 

384 

.0556 

>.8 

279 

288 

.2813 


106 

06 

.8438 


384 

384 

1. 1251 

>3 

283 

288 

.0868 


101 

06 

.2604 


384 

384 

.3472 

>.5 


Daane (2) place nousix-rowed versus six-rowed in linkwe group 
1 ^d long-^ired versus short-haired rachilla in group 2. 'Diat they 
belong to different linkage groups is confirmed by data in table 3. 
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Tabus 3. — Fj daia on independent inheritance of the factor pairs lisUd in the cross 
Hanna X Atlas, grown at Dams, Calif. 


Character 

Observed 

Expected 


P 

Non 6-rowed, long-haired raohilla 

Non 6-rowed, short-haired rachilla 

6-rowed. long-haired rachilla 

6-rowed, short-haired rachilla 


Number 
•ill ! 
(W 
72 
33 

Number 
216 
72 1 
72 
24 

0. 1157 
.2222 ! 
.0000 
3. 3750 ! 


Total 


384 

384 

3. 7129 

>0.2 


The data available from Hanna X Atlas, therefore, provide a test 
for linkage between mildew resistance and one character each in 
linkage groups 1 and 2. That independent assortment occurred is 
shown by table 4. 


Table 4. — F 2 data on independent inheritance of mildew resistance vs. susceptibil- 
ity with the factor pairs listed; plants grown at DaviSf Calif. 


Charmster 

Observed 

Expected 

X* 

P 


Number 

Number 



Susceptible, non 6-rowed 

208 

216 

0.2963 


Susceptible, 0-ro wed 

82 

72 

1.3880 


Resistant, non 6-rowed 

71 ! 

72 

.0130 


Resistant, 6-rowed 

23 

24 

.0417 


Total 

384 

384 

1.7408 

>.6 

Susceptible, long-haired rachilla 

218 

216 

.0185 


Susceptible, short-haired rachilla 

72 

72 

.0000 


Resistant, long-haired rachilla 

65 

72 

.6807 


Resistant, short-haired rachilla 

29 

24 

1.0417 



Total 

384 

384 

1.7400 

i ^ 


Since no linkage was observed between mildew resistance and the 
characters studied in linkage groups 1 and 2, crosses are being made 
which involve character pairs in other linkage groups. The writer 
hopes to place this disease-resistant factor dfefinitely in one of the 
linkage groups. 

SUMMARY AND CONCLUSIONS 

A study was made of the inheritance of resistance to mildew in a 
cross between Hanna and Atlas b^ley. 

The results show that Hanna differs from Atlas in one factor for 
resistance to mildew and that suceptibility is incompleteljr dominant. 

There was no indication of linkage between mildew resistance and 
one factor pair each belonging to linkage groups 1 and 2 respectively. 
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EFFECT OF THE STAGE OF MATURITY AND METHOD 
OF CURING UPON THE VITAMIN B AND VITAMIN G 
CONTENT OF ALFALFA, CLOVER, AND TIMOTHY HAYS' 


By Chas. H. Hunt, (Mstmaie in nutrUwn, P. R. Hbcobd, aamtanl in pouUry, and 
R. M. Bbthke, aseociate in nutrition, Department of Animal Industry, Ohio 
Agricultural Exjperiment Station 

INTRODUCTION 

In the past hays have been produced largely with one object in 
mind — that of obtaining the utmost in quantity or total yield. More 
recently attention has been directed to the factors that affect the 
nutritive properties of hays, with the object of producing a product 
with the maximum feeding value. 

Many investigators have pointed out the importance of hays as a 
source of vitamins for growing and producing animals. These in- 
vestigations have in the main dealt with vitamins A and D. Prac- 
tically no information is available regarding the vitamin G content 
of hays and the factors that affect it* This report presents the results 
of a study of the vitamin B (Bj) and G (B 2 ) content of alfalfa, clover, 
and timothy hays as they are influenced by the stage of maturity of 
the plant wlien cut and by natural climatic factors. It also includes 
the results of growth experiments with chicks, designed to show the 
value of the chick method of assay for the vitamin G complex as 
compared with the rat method. 


REVIEW OF LITERATURE 

In reviewing the literature, one finds data showing that certain 
practices or procedures affect the vitamin content of hays. Steen- 
bock. Hart, and their associates {lOY found that clover hay which 
had been exposed to sunlight and rain was less valuable as a source of 
vitamin A and that it had better calcifying properties than hay which 
had been cured quickly and still retained a good green color. Russell 
(.9) confirmed these findings, by showing that alfalfa hay dried arti- 
ficially was about seven times as potent in vitamin A as hay cured in 
the usual way. He also noted an increase in the vitamin D content 
when hay was cured in the sun. Unpublished data obtained at the 
Ohio Station confirm the foregoing results. Bethke and Kick (!) 
observed a loss of vitamin A in alfalfa hay cured in the sun and ex- 
posed to rain and dew. Hauge and Aitkenhead (7) also observed a 
loss of vitamin A and explained that the destruction was due to 
enzymes. Hathaway, Davis, and Graves (6*) found that artificially 
cured alfalfa was twice as potent in vitamin A as field-cured alfalfa. 
Douglass, Tobiska, and Vail {^) reported that alfalfa cut at the early 
bloom stage contained more vitamin A and vitamin G than hay cut 
at a later stage. They also reported that exposure to rain and 
shine lowered the vitamin A, vitamin B, and possibly the vitaimn G 

1 Received for publication Feb. 9. 193S; lssu«^d September 1936. 

* Reference is made by number (Italic) to lilterature Cited, p. 258. 
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content. Hunt and Krauss (8), in a study of pastiure grasses, found 
that the vitamin O content decreased as the plants matured. 

SOURCE OF HAYS 

The alfalfa and clover hays used in this investigation were either 
grown on the station farm at Wooster or were obtained from the 
Department of Farm Crops of Ohio State University at Columbus. 
The timothy samples were grown on the station farm or on plots of 
the Timothy Breeding Station of the United States Department of 
Agriculture, at North Ridgeville, Ohio. Unless otherwise stated, 
the samples were cured indoors in subdued light. 

RAT EXPERIMENTS 

METHODS 

In the first series of experiments for evaluating the vitamin content 
of the hays, rats were used as the experimental animals. These 
animals were bom to mothers maintained on a modified Steenbock 
stock ration (^). When 24 days of age, or when weighing from 45 
to 60 g, the young were placed in screen-bottom cages and were given 
a diet free from vitamin B and vitamin G. This diet consisted of 
casein (extracted if found to contain vitamin B or G), 18 percent; 
cornstarch, 64; hydrogenated fat (Crisco), 10; agar, 2; cod-liver oil, 
2; and salt mixtime (186), 4 percent. 

If the rats were to be used for the determination of vitamin G 
each was given daily 400 mg of yeast (Northwestern), autoclaved 
for 4 hours at 1 5 pounds pressure, in addition to the basal diet. YHien 
the animals had ceased gaining in weight, which required from 14 to 
21 days, they were placed in individual wire cages and fed daily the 
hay supplement with 400 mg of autoclaved yeast. The supplements 
were moistened with distilled water to prevent scattering. 

If the rats were to be used for the determination of vitamin G, the 
basal diet was supplemented with 1 cc of an extract of rice polishings 
per rat daily, to furnish vitamin B. When the weights of the animms 
became stationary, or when they had lost slightly in weight, they 
were transferred to individual wire cages and the supplement (hay), 
moistened with 1 cc of the vitamin B preparation, was fed daily. 
The depletion period required on an average about 24 days. 

The vitamin B extract was prepared as follows: Four kilograms 
of rice polishings were shaken up with 8 1 of 0.1-percent hydrochloric 
acid and allowed to stand overnight. The clear supernatant liquid 
was then siphoned off. This procedure was repeated 5 or 6 times. 
The combined extracts were evaporated to 1,200 to 1,400 cc and then 
made up to 80 percent alcohol by weight. The precipitate was 
filtered off and washed with alcohol of the same strength. The 
combined alcoholic filtrates were partially concentrated under vacuum 
and the last traces of alcohol removed before an electric fan. The 
residual h^uid was then diluted so that 1 cc was equivalent to 1 g 
of rice polishings. 

The hays were ground to a fine flour, in a ball mill, for feeding 
purposes. The experimental feeding period in all cases was of 6 
weeks’ duration. The results are expressed in terms of rat imits, 
as outlined by Bourquin and Sherman (S) and Chase and Sherman (4). 
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Tablk 1. — Vitamin B and vitamin G value of hays 
VITAMIN B 


Sample and no > 

Date cut 

Rats 

Level 

fed 

dally 

Total 
gain 
or loss 
(~) in 

Weekly 
gain 
or loss 
(“) in 

Vitamin 
units per 
gram 
(ap- 
proxi- 
mate)* 

Source and description 
of bay 




weight 

weight 




No. 

Afitlu 

grams 

Grams 

Grams 




/May 31, 

/ 8 

m 

11.7 

1.9 

} 2.2 



1932 

1 8 ! 

4.50 

22.3 

3 7 



June 10, 

i ® 

400 

15.3 

2.5 

} 2 0 

University farm; first 


1932. 

1 8 1 

500 

18.1 

3.0 

cutting 

Alfalfa (1) 

, June 21, 
1932. 

( 1 

500 

600 

8.1 

18.3 

1 5 
3.0 

} i.« 


1 8 



July 28, 
1932 

Sept. 10, 
1932 

{ 1 
{ 1 

400 

600 

450 

500 

15.8 
22 3 
13 3 
18 2 

2 6 

3 7 
2.2 
3.0 

} 2.0 
} 2.0 

Second cutting; injured 
by leaf hoppers. 

Third cutting. 

Alfalfa (2).. . 

June H, 
1932. 

{ 8 

400 

500 

19 0 
26.0 

3.1 

4.3 

} 2.fi 

Station farm. 


/June 12, 

8 

fKX) 

7.2 

1.2 

.7-0.8 



1931. 

June 24, 

8 

700 

5 1 

.85 

3 6 


Timothy Cl) , .... 

. 1931 

July 13, 

8 

(iOO 

-2 0 

- 33 

3.5 

U S. Timothy Breeding 
* Station 


1931 

June IM, 

! 8 

700 

11. 1 

1 8 

} 3 12 



19;}2 

1 8 

900 

21 H 

3.6 


Tlm(»thy (3), bUflO 

- do 

{ g 

600 

800 

12 5 
23 8 

2 0 

3 9 

) 

U. S. Timothy Breeding 
j Station; late maturing 

Timothy (3), 12;ifi8. 

July 1, 

8 

600 

6 5 

1. 1 

3 5 



1932 







Timothy (.3) 

do . 

8 

1.000 

11 5 

1 9 

3 6 

Regular cut ting 


June 10, 


500 

13 1 

2 2 

\ IQ 

Clover (1) 

1932. 

June 21, 

i 8 

600 

500 

22.3 
13 1 

3.7 

2 2 


University farm. 


19.32 

1 8 

600 

27 2 

4 5 

|l 6-1 8 


Alfalfa from alfalfa and 

June H, 

1 8 

400 

6 6 

1.1 

] 16 


timothy mi.xture(2). 
Timothy from alfalfa 

19.32 

1 , 

1 8 

1 8 

600 

600 

22 2 

11.4 

.3.7 

1 9 

} '2 

Station farm, grown as a 

and timothy mix- 
ture (2) 

>- do 

t 8 

8(M) 

24 .5 

4 1 

mixed hay 

Alfalfa and timothy 

<lo 

1 ^ 

O.'^O 

16 7 

2 8 

jl 4 1 5 


mixture (50-50) (2). 

1 8 

700 

21 3 

3 5 



4(K) mg autoclaved 


* IH 

- - - 

- -- 



- -- 


yeast (controls). 









VITAMIN G 


Alfalfa (1) , 


Alfalfa (2).. 


Timothy (3)„ 


/May 31, 

/ ^ 

100 

1932 

\ 8 

150 

June 10, 

8 

100 

1932 



June 21, 

( 

1.50 

' 19.32 

1 8 

200 

July 28, 

8 

1.50 

1932 



Sept 10, 

8 

75 

19.32 



June 8, 

/ ^ 

100 

1932 

\ 8 

150 

July 21, 

/ ^ 

100 

1932 

1 8 

200 

/June 12, 

( ^ 

100 

1931 

1 8 

150 

June 24, 

/ ^ 

150 

1931 

1 8 

300 

jjuly 1.3, 

1 8 

250 

1931 

1 8 

400 

June 18, 

f 8 

150 

1932 

1 8 

300 

July 1, 


300 

19.32 

1 8 

450 


25 1 
40 8 

4.2 

6.8 

} 10-12 

24.9 

4. 1 

10 0 

27.4 

4 5 

1 6 6 

34 8 

5 8 

24.0 

4.0 

6.6 

22.0 

3 8 

i:i.o 

16.9 

2 6 

} 

16.7 

2.8 

18.5 

3 0 

10 0 

20 7 

3 4 

5.0 

15 0 

2 5 

} 6. 6 

24.0 

4 0 

14.2 

2.3 

} - 

25 4 

4.2 

13.0 

2.2 

} 

25.0 

4.1 

9.7 

1.6 

} 

19.7 

3.3 

17.4 

2.9 

} 

24.7 

4.0 


University farm; first 
cuttinit 


'sec'ond rutting; injured 
by leaf hoppers. 

Third cutting. 

Station farm; first cut- 
ting. 

Second eutlhig, sun- 
cured; no rain. 

Secomi cutting, s u n - 
cure d ; O.dS-inch rain. 

Heads emerging. 

Full bloom. 

Ripe, brown color. 

Early bloom. 

Late bloom. 


» The same number Indicates that the hays were grown in the s^e or „„ 

• A unit of vitamin B or Q is the weight of the sopplement which, when fed to rats under standard con- 
ditions will produce an increase in weli?ht of 3 to 4 g per week. 

• Estimated, ftniTnai could not consume sufficient nay to produce the reQuired increase in weight. 

• All rats died in 3 weeks. 
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Table 1. — Vitamin B and vitamin G value of hays — Continued 
VITAMIN G— Contiimed 





Level 

Sample and no. 

Date cut 

Rats 

fed 



daily 



No. 

Milli- 

grams 

Timothy (3), 15150 ... 

June 18, 

/ H 

150 

1932 

1 8 

300 

Tiinoth> (3). 12;',6S... 

July 1. 

if 8 

160 

1932 

1 8 

300 

Timothy (3), 12,321.... 

June 20, 


100 

1933 

1 8 

125 


June 10, 

/ » 

100 


1932 

1 8 

1.50 

Clover (1).- 

June 21, 
1932 

{ 8 

100 

200 


June 17, 

/ 8 

100 


1932 

A » 

100 

Alfalfa from alfalfa and 

June S, 

f 8 

100 

timothy mixture (2). 

1932 

1 8 

150 

Timothy from alfalfa 



100 

and timothy mix- 
ture (2). 

do 

{ 8 

200 

Alfalfa and timothy 

..do . .. 

/ 8 

100 

mixture (.50:50) (2). 
Controls 

1 8 
10 

200 






Total 
gain 
or loss 
(-) in 
weight 

Weekly 
gain 
or loss 
(-) in 
weight 

Vitamin 
units per 
gram 
(ap- 
proxi- 
mate) 

Source and description 
of hay 

Grams 

Grams 



7.5 

16.0 

J.2 

2.6 


[U. S. Timothy Breeding 

I 2-3 

{ Station, late-maturing 
[ variety. 

9 4 
18.0 

1 5 
3.0 1 

J 3 3 

Do. 

16.0 

19.9 

2 6 
3.3 


U. S. Timothy Breeding 

I 8.0 

Station, late-maturing 
variety, sun-cured. 

24 9 

4.1 

1 10.0 


28.7 

27.7 

4.8 

4 6 

1 10.0 

University farm. 

37.8 

6 3 


17.1 

2.9 

8 

Cured indoors. 

17 4 

2.9 

8 

OO-bour exposure, n o 




rain. 

16.0 

2.7 

J 6. 6 

' 

21 3 

3 5 


15.5 

2.6 

} 6.0 

Station form, grown as 

23.3 

3.9 

mixed hay. 

16.4 

2.7 

1 A A 


29.0 

-2.0 

4 8 

> DO 






RESULTS 

The results of the biological analyses for vitamin B, jiresented in 
table 1 , show that hays are comparatively low in tliis factor. Alfalfa 
(bud stage, May 31) appeared to have a higher vitamin B content 
than either clover or timothy cut June 10 and 12, respectively, at 
approximately the same stage of maturity. The data also suggest 
that the vitamin B content of the plant decreases as the plant matures. 

The results of the vitamin G assays (table 1) show that hays mt^ 
serve as a good source of this vitamin. In general, the vitamin G 
content was highest in the young plant, and decreased as the plant 
matured. The relation of the maturity of the plant to its vitamin G 
content is particularly evident in the case of alfalfa and timothy; 
clover, however, showed no such relation. Apparently, in the case 
of the clover the time elapsing between the two cuttings was not 
long enough to bring out any differences that m^y have existed be- 
tween the more and the less mature plants. It is of interest to note 
that clover and timothy may have as high a vitamin G content as 
alfalfa when tlie plants are harvested at corresponding stages of 
maturity. The comparative vitamin B and G content of alfalfa and 
timothy cut at the same time is readily seen in the case of the samples 
grown as mixed hay. 

Leaf-ho^er injury to alfalfa apparently reduces its vitamin B 
content. This reduction no doubt is brought about primarily by the 
loss of leaves. Exposure of alfalfa and clover to the weather (day 
and night) for 96 hours, more than one-half of wliich was sunshine, 
did not seem to affect the vitamin G content of the hay. Rain (0.68 
inch), on the contrary, lowered the vitamin G content of alfalfa by 
50 percent (see alfalfa (2), second cutting, table 1). 



Aug. 1, 1886 Ejffed qf Stage of Maiurily Upon Vitamins in Hay 255 


In table 2 an attempt is made to show the relationship between the 
protein and the vitamm B and G content of hays. It wfll be observed 
that, in general, a high protein content is correlated with a 
vitamin G content. It is well known that as the plant matures the 
proportion of leaves to the entire plant decreases and consequently 
the protein and the vitamin B and G decrease. Accordingly, any 
procedure or process that would reduce the leaf content of the hay, 
such as insect injury, excessive handling, or late cutting, would 
lower the protein and vitamin content and also the quality of the bay. 

Table 2. — Protein ^ crude fiber ^ and vitamins B and G in hays 




Crude 

fli>er 


Vitamin 

Vitamin 


Sample and no.^ 

Pate cut 

Protein 

B units 

G units 

Description of hay 




per gram* 

per gram* 



PercerU 

Percent 




Albilfa (2) - 

/May 14,1031 
[June 10,1031 

17.42 

22 32 

2 5 

13.0 

60 percent leaves. 

40 percent leaves. 


30.02 

13. 83 

1 8 

6.6 


May 31, 1932 

25.27 

20.14 

2 2 

10-12 

Early bud. 


June 10,1932 

32.41 

17. 00 

2 0 

10 0 

Early bloom. 

Alfalfa (1) - 

June 21,1932 
July 28,1932 

34 70 
32 51 

15.59 
12.01 j 

1 0 

2 0 

6 6 
6.6 

Late bloom. 

Second cutting, hopper 








injury. 


.Sept 10,1932 

23 49 

19.92 

2.0 

13.0 

Third cutting. 

Clover (1) 

/June 10,1932 

23.30 

15. 07 

1.0 

10.0 

Early bloom. 

[June 21, 1932 1 

28.73 

12.26 

1.8 

10.0 

Late bloom. 

Clover (2).. 

June 17,1933 
June 12,1931 


12.13 


8 

Sun-cured. 


23 79 

8. 50 

.7-8 

6.6 

Heads emerging. 


June 24,1931 

31.05 

7 25 

.0 

3-4 

Full bloom. 

Timothy (3)-- 

July 13, 1931 
June 18,1932 


5 00 

.6 

2.5 

Brown (ripe) color. 

Early bloom. 


" 25 * fi.r 

0 06 

1.2 

3 3 


July 1, 1932 

20 97 

5 21 

.6 

2-3 

J^ate bloom. 

Timotliy from alfalfa 

June 8, 1932 

Zi 80 

8 00 

1.2 

5.0 

Grown as mixed hay. 

and timothy mixture 






1)0. 

Alfalfa from alfalfa and 
timolhy mixture 

Mixed alfalfa ami tim* 

.. .do 

25 i)5 

15 70 

1 0 

6 6 


.... do 

21 Zi 

10 20 

1.4 

6. 6 

Do. 

olhy (about 50.50) 








> See footnote 1 to table 1. * Approximately. 


The correlation of protein and vitamin G content with greenness 
is only relative and varies with the amount of bleaching due to light, 
extent of insect injury (leaf hopper), and whether or not the plant is 
diseased. A similar greenness in alfalfa, clover, and timothy does not 
necessarily indicate the same vitamin G content. In general, however, 
the vitamin G values follow in the same order as the protein, leafiness, 
and greenness of the particular plant. 

CHICK EXPERIMENTS 

In order to obtain further data on the comparative value of vitamin 
Glm different alfalfa and alfalfa-leaf meals, day-old chicks were used 
as^the experimental animals. These experiments gave a direct 
comparison of the value of the chick and rat methods of testing for 
vitamin G. , j 

White Leghorn chicks from the same parent stock were used. Ihey 
were confined in pens equipped with hardware cloth floors, and fed a 
ration known to be deficient in vitamin G. Each lot contamed 25 
chicks. The basal ration was composed of yellow com, 58 percent; 
ground wheat, 20; wheat bran, 5; casein (Argentine), 12; steamed 
bone meal, 3: salt, 1; and cod-liver oil, 1 percent The meals vwe 
incorporated m this ration in the amounts indicated in table o. ine 
casein and com were so adjusted that the protein content was approxi- 
mately the same in all lots. The meals used represented composite 

17047—36 6 
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samples of three or more lots, with the exception of the Ohio leaf 
meals, which involved only one sample. The Ohio leaf-meal fed to 
lots 10 and 11 (table 3) was prepared from sun-cured hay that had 
received 0.68 inch of rainfall white in the swath. Liver meal is con- 
sidered to be a very rich source of vitamin G and for that reason one 
lot of chicks was fed 3 percent of this as a positive control. 

Table 3. — Effect of alfalfat alfalfa-leaf, and liver meals on growth and leg paralysis 

of chicks 


Lot no. 


1 ...- 

2 ... 

3-— 

4 .. -, 

6 —. 

6 -.-, 

7-.- 

8 .. . 

9 --. 
10 . _ 


11 . 


12. 




Meal 

Rat 

Total 

rat 

units of 


Leg paralysis 







Pro- 

con- 

sumed 

units of 
vita- 

vita- 
min G 

Average 



Supplement 

tein in 

per 
chick 
in 8 

mm G 

con- 

weight per 



meal 

1 

per 

gram 

sumed 

per 

chick 

chick in 8 
weeks 

Total 1 

Recov- 
ered * 



weeks 

of 






meal 

in 8 
weeks 





Percent 

Qram 



Qram 

Percent 

Percent 

None.. - 





168. 8-<-4 8 

67.0 

0 0 

5 percent alfalfa meal 3 . . 

16,5 

38,7 

8.0 

309.6 

278.8±14 0 

68 0 

; 8 0 

10 percent alfalfa meal 3- . 
5 percent alfalfa-leaf j 

1 16 0 

1 

118.5 

8.0 

948 0 , 

466 8±13 3 

29 0 

j 17.0 

1 

meal « I 

1 20.25 

40 9 

13,0 

648.7 

384 6drl5. 2 

48 0 

! 12 0 

10 percent alfalfa-leaf 

I 20 25 

130 6 

13 0 

1, 697. 8 

517. 3±11.8 

0 

1 . 

meal. 3 

5 percent alfalfa meal 

14. 25 

35.6 

8.0 

284.8 

251.9ill 3 

87 0 

1 

35 0 

10 percent alfalfa meal *- . 

14.25 

119.7 

8 0 

957.6 

454. 9=fcl5, 0 

28 0 

16 0 

5 percent alfalfa-leaf 

20. 56 

55.2 

13.0 

717.6 

438 3=tl4.4 

48 0 

48 0 

meal < 








10 percent alfalfa-leaf 
meal < 

20 56 

132.4 

13 0 

1,721.2 

628 3±9. 9 

.0 






5 percent alfalfa-leaf 

20 31 

32 8 

6.0 

104. 0 

240 Odrll.O 

83.0 1 

33.0 

meal > (0 68 inches 
rain). 






1 


10 percent alfalfa-leaf 
meal 3 (0 68 inches 

rain). 

3 percent dried pork liver. 

20. 31 

107.1 

6.0 

535 6 

397.9=bl3.6 

602 9=bl2 3 

36.0 

.0 

20.0 






1 The figures in this column indicate the percentage of chicks that developed leg paralysis during the 
experiment 

* The figures in this column indicate the percentage of chicks that recovered before the end of the exfieri- 
ment. 

» Meal from hays grown in Ohio. 

* Meal from hays grown in Colorado. 

It is evident from the data presented in table 3 that the growth of 
the chicks and the incidence of leg paralysis are directly correlated 
with the vitamin G content of the meals as determined with rats. 
Leaf meals having a higher protein and vitamin G content than 
straight meals caused greater growth and less incidence of leg paralysis 
than the regular meals of lower protein and vitamin G content. The 
poor growth and comparatively large percentage of leg paralysis in 
the case of lots 10 and 11, which received 5 and 10 percent respec- 
tively of the leaf meal subjected to rain, suggest that a large part of 
the vitamin G was lost, and corroborate the results obtained with 
rats. The data also show that alfalfa meals and leaf meals of approx- 
imately the same vitamin G potency produce comparable responses 
in chicks, whether the meals are produced in Ohio or in Colorado. 

A second experiment was conclucted partly to check the results of 
the first trial and partly to compare meals prepared from clover and 
timothy with those of alfalfa. The same basal ration and procedure 
used in the first test were employed. The meals were incorporated 
in the basrf ration in amounts shown in table 4. The casein and com 
were so adjusted that the total protein content of the rations in all lots 
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was comparable. The clover and timothy meals were prepared from 
single samples of hay, while the alfalfa meals represented composite 
samples of three or more lots. Twenty chicks were started in each 
lot. 

The results presented in table 4 show the ineffectiveness of 10 per- 
cent of the straight hay meals in preventmg leg paralysis-substantiat- 
ing the results obtained in the first experiment. Although the results 
show some variation between different meals, the data in general 
reveal a close correlation between the response in growth and inci- 
dence of leg paralysis and the vitamin G content of the meals as 
determined on rats. Clover meal gave results comparable to alfalfa 
meals of the same vitamin G potency but a higher protein content. 
The results obtained with the timothy meals also compare favorably 
with those of alfalfa when the vitamin G content of the meals is con- 
sidered. As in the previous experiment, there was no difference in 
the results with the Ohio and Colorado meals when compared on the 
same vitamin G basis. 


Table 4. — Fffed of alfalfa, clover, timothy, -and liver meals on growth and leg paraly- 

sis of chicks 


Lot no 


2 .. 1 

3 1 

4 - 

5 

C 

7 

8 

» 

10 

11 

12 1 


Supplement 


Nono__ 

6 percent clover ^ 

10 iiercent clover .. 
fl percent timothj ^ 

10 percent timothy * 

10 percent timothy » 

r> percent alfalfa meal <*- - 
10 {Mjrcent alfalfa meal 
10 percent alfalfa meal 7.. 
5 percent alfalfa meal K. 
10 percent alfalfa meal L. 
3 ixjrcent dried pork liver 


Pro- 
tein in 
meal 


Percent 

’'n"54 

11.54 

7.63 

7.63 

5.62 

12.25 

12.25 

14.25 
15.56 
15 56 


Meal 
con- 
sumed 
Tier 
chick 
in 8 
weeks 


Gram 

'as’o' 

125 7 
38.0 
100 2 
92 3 
48.2 
110 8 
101. 1 
49.6 
125 7 


Rat 

units of 
vita- 
min G 
per 
gram 
of 
meal 

Total 

rat 

units of 
vita- 
min Q 
con- 
sumed 
Tier 
chick 
m 8 
w’eeks 

Average 
weight per 
chick m 8 
wet»ks 

I^eg paralysis 

Total » 

Recov- 
ered ‘ 



Oram 

PerccTit 

Percent 



176 0d:5.3 

95.0 

15.0 

8 0 

304 0 

243.0±12 3 

85.0 

35 0 

8.0 

1,00.5.0 

453 5±20. 2 

15.5 

0.0 

5 0 

194.5 

261. 8=t:9 0 

65 0 

5.0 

5 0 

501.0 

345.6d=11.8 

70.0 

45.0 

3.0 

276.9 

314 0=fcl0.6 

70 0 

25.0 

8.0 

385.6 

306.0=1:11.1 

80 0 

35.0 

8.0 

886.4 

389.8±13.2 

40.0 

5.0 

6.6 

667.2 

368. 7=hll.9 

45.0 

36.0 

8.0 

396.8 1 

325 9±11. 1 

55.0 

25.0 

8 0 

1,005.6 ! 

4.30 0dr20. 2 

20.0 

10.0 



612 6±9. X 

5.0 

6.0 


The figures in this column indicate lh» percentage of chicks that developed leg paralysis during the 

^^The figures in this column Indicate the percentage of chicks that recovered before the end of the experi- 
lent. 

3 See table 1. Clover cut June 17; 96 hours exposure. 

* Timothy cut June 9 (heads emerging) Cured in sun. 

» Cut In I’ate-bloom stage. 

* Meal from hays grown In Colorado. 

7 Meal from hays grown in Ohio. 


The data in tables 3 and 4 show a close correlation between the 
total consumption of vitamin G and the weight of 
incidence of fee paralysis. The fibres “ the column sho^g the 
total consumption do not include the vitamin G content of the basal 
rAtion • • 

The data obtained by the method used in this 
to show that 10 percent of an alfalfa-leaf meal containing 13 rat umts 
of vitamin G per gram is necessary to mduce good growth and prevent 
the occurrence of leg paralysis. 
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SUMMARY AND CONCLUSIONS 

Alfalfa, clover, and timothy hays cut at different times and cured 
under different conditions were tested for vitamin B and G with rats 
as the experimental animals. The results show that these hays 
contain significantly more vitamin G than vitamin B. The vitamin 
B and vitamin G content of the hays decreased as the plant matured 
and, in general, were correlated with the leafiness, greenness, and 
protein content of the plant. 

^he exposure of alfalfa to the w^^l^her (day and night) for 96 
hours; — over half of which was sunshine — without rain, did not affect 
the vitamin G content. Rain (0.68 inch), on the contrary, removed 
as much as 50 percent of this vitamin. 

Timothy and clover cut early may have as high a vitamin G content 
as alfalfa cut later, and with a much greener color. 

The method of testing for vitamin G by growth and incidence of leg 
paralysis in cliicks compared favorably with the rat-assay method. 

Ten percent of an alfalfa leaf meal containing 13 rat units of vitamin 
G per gram was required to induce good growth in chicks and prevent 
the occurrence of leg paralysis. 
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THE INFLUENCE OF CERTAIN DIETARY CONSTITUENTS 
ON THE RESPONSE OF RATS TO GOSSYPOL INGESTION ‘ 


By WiLLiB D. Gallup, assistant chemist, and Ruth Redbr, associate chemist, 
Department of Agricultural Chemistry Research, Oklahoma Agricultural Ekperi- 
merit Station. 

INTRODUCTION 


Chemical methods for the quantitative determination of gossypol 
in cottonseed products are based upon the formation of an insoluble 
compound of gossypol with aniline. In the determination of the 
gossypol content of raw; cottonseeds, the gossypol and oil are extracted 
from the seeds with diethyl ether. After evaporation of the ether, 
the residue is taken up with petroleum ether and the gossypol is pre- 
cipitated with aniline. A positive <‘.orrelation between the toxicity 
of raw cottonseeds and their gossypol content has been established 
by the use of this method (iO)." 

It has not been possible to establish a similar correlation between 
the gossypol content and the toxicity of heated cottonseeds or cotton- 
seed meal, principally for tw’o reasons; (1) Only a small portion of the 
gossypol can be extracted from heated seeds or the meal with the 
usual fat solvents, and (2) the insoluble portion (so-called D-gossypol 
or bound gossypol) which may be extracted with hot aniline is of 
questionable toxicity (4). It has been necessary, therefore, in investi- 
gating the gossypol content of these heated cottonseed products to 
resort to ])iological methods of assay and from the results so obtained 
to approximate the amount of physiologically active gossypol which 
they contain. 

In a preliminary study of various methods of biologi(‘al assay the 
response of rats to gossypol was found to vary wddely depending on 
the method of administration of the substance (per os and intraperi- 
toneally) and apparently on the nutritive condition of the animals. 
The most promising nielhod of assay and one of general application 
w as based upon a comparison of the grow th rate of rats on diets con- 
taining the product under investigation with that of rats on diets of 
known gossypol content. Later studies revealed that rats were 
unusually susceptible to gossypol injury while on diets low- in vitamin 
A (6*), and in view of the instability oi* gossypol and its detoxication 
by soluble iron salts { 5 ) there was reason to believe that the effect 
of the substance on growth might vary with the nature of the diet 
in wdiich it was incorporated. 

The primary purpose of the present study w^as to determine what 
effect alterations in the basal diet might have upon the grow^th re- 
sponse of rats to gossypol ingestion. Such information was of par- 
ticular importance in formulating a standard procedure of biological 
assay. A second purpose, possibly of greater practical importance, 
w^as to determine whether certain dietary supplements might act 
similarly to iron salts in effecting a partial if not complete detoxication 
of gossypol. 

* Received for publication Apr. 1, 1935; issued Septcinb®^ 1®^- 

* Reference is made by number (italic) to Literature Cited, p, 266. 
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METHODS AND EXPERIMENTAL DATA 
EXPERIMENTS WITH DIETS OP VARYING PROTEIN CONTENT 

The possibility that the deleterious effects of gossypol mi^ht be 
lessened or increased in diets of hi^h protein content was considered 
first. Accordingly, experimental diets in which the protein was pro- 
gressively increased from approximately 13 percent to 51 percent 
were prepared by replacing starch with appropriate amounts of 
casein. Gossypol was incorporated in the diets by including 15 per- 
cent of cottonseeds containing 0.35 percent gossypol. From previous 
studies it was calculated that this amount of gossypol would not be 
lethal but would allow the majority of the rats to make slow growth. 
The percentage composition of the diet of lowest protein content was: 
Casein 7.4, starch 60.6, Crisco 5.0, salts 3.5, yeast 5.0, cod-liver oil 
3.5, and raw cottonseeds 15. The casein was increased to 22, 35, 
and 51 percent in the diets of higher-protein content. 

Control diets of corresponding protein content were prepared in 
the same way, cottonseeds from which the gossypol had been extracted 
with ether being used. The oil so removed from the seeds was re- 
placed by an equivalent amount of refined cottonseed oil. The only 
important difference between the control and the experimental diets 
so prepared was in their gossypol content. Because of the unstable 
nature of gossypol, it was deemed necessary to prepare new diets 
from freshly ground seeds each week. 

Young rats weighing between 50 and 60 g which had made uniform 
growth over a period of a week or 10 days were divided according to 
litter origin and sex between the gossypol and the control diets. 
Precautions were taken in selecting the rats to obtain uniform animals 
and to reduce to a minimum variation in their growth which might bo 
attributed to inheritance or previous nutritional state. For the most 
part they represented the second, third, and fourth litters of a se- 
lected group of healthy females which had been reared and bred for 
the investigation. They were housed in small individual cages with 
raised screen bottoms set over circles of paper fitted in the bottom of 
granite pans. Food was supplied in weighed amounts in feed cups 
especially constructed to reduce waste. Daily records were kept of 
the food intake. 

As the experiment progressed it was found necessary, because of 
idiosyncrasies shown by a few animals, to discontinue those rats which 
at the end of 30 days failed to establish a gain of 30 g. Such animals 
usually succumbed to the effects of gossypol or lost weight during the 
next few weeks. Otherwise, the animals were contained on the experi- 
mental and control diets for a period of from 60 to 90 days. The re- 
sults are presented in table 1. The figures for food consumption and 
gains in weight are average values obtained with an equal number of 
males and females. 

From the results given in table 1, it is apparent that an increase in 
the protein content of the diet from 13 to 35 percent resulted in an 
improved rate of growth of the animals on both the gossypol and con- 
trol diets. A further increase of protein to 51 percent proved less 
effective for growth of the controls, although on this high level of 
protein the growth rate of the animals receiving gossypol remained 
approxima^y the same as that of those on 35 percent of protein. It 
18 also significant that with a diet containing 35 percent of protein a 
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large percentage of the animals on the gossypol diets were able to 
establish the required gain of 30 g during the first 30 days. 

It will be observed m table 1 that on each level of protein the ani- 
mals receiving gossypol consumed less food than did the correspond- 
ing controls, although their food intake increased as the amount of 
protein in the diet was increased to 35 percent. A decrease in food 
intake is a characteristic effect of gossypol and is attributed not so 
much to the taste of the compound as to its physiological effect. 

To eliminate the effect upon growth resulting from differences in 
the food intake of the experimental and control rats, the same diets 
were employed in paired-feeding experiments in which the daily food 
intake oi the animals on the control diet was limited to that of the 
animals receiving gossypol. The differences in the gains in weight 
made by the expenmental and control animals in each pair in these 
experiments are, therefore, to be attributed to the effect of gossypol 
and are unrelated to the plane of nutrition. The results are presented 
in table 2. 


Table 1. — Effect of aossypol in the diet on growth of ratSy as influenced by the 
protein content of the diet when the animals were permitted to eat ad libitum 


Approximate percentage of pro- 
tein in diet 


13. 

26. 

35. 

51. 


Oossypol 
content of 
diet 

Hats 
started 
on exper- 
iment 

Percent 

Number 

/ 0.05 

14 

\ (») 

7 

f .06 

13 

I (») 

8 

/ .05 

11 

i (*) 

5 

( 05 

13 

il (*) 



Rats con- 
tinued on 
experi- 
ment 

! 

Average 
! food con- 
sumed in 60 
days 

Average 
gain in 
weight in 60 
days 

Difference 
in gains in 
weight* 

Number 

Orama 

Orama 

Orama 

10 

413 

69 

} 64 

7 

632 

133 

10 

485 

96 

1 56 

7 

663 

152 

9 

497 

no 

J 60 

5 

712 

170 

10 

433 

108 

} « 

7 

570 

150 


> In favor of the rats receiving the gossypol-free diet. 
* Control, no gossypol. 


Table 2. — Effect of gossypol in the diet on growth of rats, as influenced by the 
protein content of the diet when the animals were on pair ed-f ceding tests 
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A comparison of the difference in gains in weight between pair 
mates on the diets of high and low protein content as shown in taDie 2 
affords further evidence of the beneficial effect of a relatively liigh 
percentage of protein in diets containing gossypol. Upon a diet con- 
taining 35 percent of protein, animals receiving gossypol were able to 
approximate the gains in weight made by their litter mates on the 
control diet. At the end of 60 days the average gain in weight made 
by the male rats on the gossypol diet containing 35 percent of protein 
\i(ras 169 g. As in the preceding experiments, the diets containing 
51 percent of protein were less favorable to growth than those con- 
taining 35 percent. 

These results suggest the possible detoxication of gossypol by pro- 
tein. Detoxication of gossypol bv iron salts is believed to be due to 
the formation of an iron-gossypoi complex which escapes digestion, 
and it is possible that protein or its degradation products detoxicates 
gossypol in a similar way. Support for this idea is found in the results 
of digestion studies carried out in vitro by Jones and Waterman (7), 
who found that the peptic and tryptic digestion of protein was in- 
hibited by gossypol. Schwartze and Alsberg {11) observed that the 
addition of gossypol to the diet of cats resulted in an increased fecal 
nitrogen. It has also been suggested that a combination of gossypol 
with protein accounts for the insoluble condition of gossypol in cotton- 
seed meal (^, 12), None of the evidence so far obtained, however, 
has been sufficiently conclusive to settle the point. It may be that 
in the present experiment the increased growth obtained with diets 
containing 35 percent of protein was due largely to the increased 
nutritive value of the diets. Nevertheless, considerable importance 
is attached to these results since they suggest a relationship between 
protein intake and gossypol injury and explain in part the observa- 
tions of Clark (5), who found that increasing the casein content of 
cottonseed-meal diets resulted in an increased rate of growth.^ 


EXPERIMENTS WITH DIETS OF VARYING FAT AND LACTOSE CONTENT 


In view of the favorable results obtained wdth diets of high protein 
content, it appeared possible that alterations in the amount of other 
dietary constituents iniglit likewise prove beneficial. 

To determine the effect of altering the fat content of the diet, 
experimental diets 23, 11, and 22, containing 15 percent of cotton- 
seeds and having a fat content of approximately 7, 12, and 22 percent, 
respectively, and control diets 11a and 22a, containing 12 and 22 
percent of fat, were employed. These diets were fed to groups of 
rats selected in the manner described in the first experiment. The 
composition of the diets is given in table 3. 

The results of the experiments, which are given in table 4, indicate 
that a slight improvement in growth is made possible by the inclusion 
of a large amount of fat in the diet of animals receiving gossypol. 
The differences in gain in weight between the gossypol and control 
rats on the high-fat diet and between similar groups of rats on the 
medium -fat diet were 51 and 56 g, respectively. The differences 
between the average gains made by the rats on the low- and high-fat 
diets containing gossypol were not considered sufficiently significant, 


a Since th^ experiments were completed, Robison (fl) has reported the results of studies begun In 1928 to 
aetermine thevalue of cottonseed meal as a protein supplement for growing pigs. As a result of his studies 
whfiSf tentative hyiwthesis that the harmful effect of feeding cottonseed meal to pigs is averted 

orSn 5 thA Pr?teln concentrate is fed, because the gossypol of the meal combines with the 

protein of the tankage or similar feed to form an insoluble and therefore harmless materiai. 
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however, to justify further experimentation with diets of variable fat 
content. As might be expected, the amount of food required per 
gram of gain in body weight markedly decreased as the fat content 
of the diet was increased. 

It has been demonstrated that lactose is responsible for a change in 
intestinal absorption, due possibly to the maintenance of an acid 
reaction in the intestinal tract (1). The insolubility of gossypol in 
weak acid suggested the possibility that the addition of lactose to a 
diet containing gossypol might prove beneficial. Gossypol and con- 
trol diets containing 20 and 35 percent of lactose were, therefore, 
employed. Unsatisfactory results were obtained with the higher per- 
centage of lactose due to the development of diarrhea. The residts 
obtained with 20 percent of lactose in gossypol diet 46 and in con- 
trol diet 46a are given in table 4. From these results it is evident 
that the addition of lactose not only failed to improve the growth 
rate of animals receiving gossypol, but produced a decrease in the 
growth rate of the control animals. 

Table 3. — Compoai{ton of diets used 


^ (^omiwsition * of diet no. - 

( omponeiits and constituents 


of diet.s 

23 

11 

22 

40 •» 

46 3 

26 

28 

Components 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Kaw cottonseeds 

15. 0 

15 0 

15 0 

10. 0 

10 0 

15 0 

15.0 

Starch 

.V) 7 

45.7 

35 7 

40 0 

20 0 

44. 1 

42.7 

Casein 

22 3 

22 3 

22 3 

24.0 

21.0 

22.3 

22 3 

Yeast 

6.0 i 

5 0 

5.0 i 

5 0 

5 0 

5 0 

5.0 

Cod-lixor oil 

3 5 1 

3 5 

3 5 i 

3 5 

3 5 

3 5 

3.6 

Salt mixture * 

3 5 i 

3 5 

3.5 1 

3 5 

3.5 



3 5 

Crisfjo - 

Lactose 

1 

5 0 

15 0 ! 

5 0 

5.0 

20 0 

5 0 

5.0 

Acid salt mixture « 

(’alciiim chloride 

- 1 





3.0’" 
1 1 



Calcium carbonate..- . j 10 20 

8(Klium bicarbonate I 1.0 

Consiituents 1 i 

(}os.sviH)l I .053 053 . 063 | .060 .(KIO 053 .053 

C^alciuni ...... . I 430 I .430 430} 42H 428 1 225 1 230 

1 For each e\iH<riniontal diet made up with raw cottonseeds containing: Kossypol, a control diet of like 
composition wa.s made up with gossypol-free seeds. These latter diets are dehiRiiated in the text and table 
4 by the letter a following the number of the diet. 

^ The potential actdit v of diets 23, 11, 22, 40, and 46 was equivalent to 170 to 100 cc of N/IO alkali. The 
potential acidity of diet 2ti wiws etiuivalent to 447 cc of N/IO alkali. The iiotontial basicity of diet 28 was 
equivalent to 349 cc of N’/IO acid. 

3'he innssypol content of the raw seeds u.sed in diets 40 and 4(5 was 0.(50 iicicent. 

< McCollum's salt mixture no. 185 (8). , ^ ^ „ , , , 

* T^he same as McC’olluni's salt mixture no. 1K5 except that the cahanm lactate (1.30 g) called for in this 
mixture was replaced by 0.(550 g of calcium chloride. 
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EXPERIMENTS WITH ACIDIC AND BASIC DIETS 

To determine the possible influence of potentially^ acidic and basic 
diets on the growth response of rats to gossypol ingestion, calcium 
chloride and calcium carbonate were added in amounts calculated to 
yield diets of equal calcium content but of a definitely acid reaction 
in the one case and alkaline in the other. The amoimt of calcium 
chloride used in the first diets tested was too large to permit any of 
the animals to make consistent gains. The diets rapidly developed 
a rancid odor and it was found necessary to replace a part of the 
chloride with an amount of calcium carbonate which would reduce 
the acidity and yet maintain the calcium content of the diet at the 
desired level. Rancidity was prevented in these diets by withholding 
the acid salt mixture from the bulk of the diet and intimately mixing 
it with each day^s supply. The composition of the acidic and basic 
diets which were finally used and which were found to pve the most 
consistent results is presented in table 3 as diets 26 and 28. 

An inspection of the results in table 4 reveals that although the 
diets made acid by the addition of calcium chloride allowed a majority 
of the rats on gossypol to make a slight improvement in growth rate 
they actually proved detrimental to the growth of the control ani- 
mals. Were it not for the fact that of the 11 animals started on the 
acidic gossypol diet, 4 were unable to grow during the first 30 days 
of the experiment, potentially acid diets high in c.alcium might be 
considered favorable to the detoxication of gossypol. For example, 
the control rats on diet 26a made an average gam of only 125 g in 
60 days, which was 27 g less than that established by other controls 
on a similar diet containing less potential acid (diet 11a). However, 
the gossypol rats on diet 26 made an average gain of 101 g, which 
was only 24 g less than that made by their controls and 5 g more than 
that made by rats on a gossypol diet of the same composition exclusive 
of the acid salt (diet 11). 

On the other hand, the use of an alkaline diet prepared by the in- 
clusion of 2 percent of calcium carbonate and 1 percent of sodium 
bicarbonate (diets 28 and 28a) and having the same calcium content 
as the acidic diets effected a marked improvement in the growth rate 
of the rats receiving gossypol and a slight improvement in the growth 
of their controls. The food intake of gossypol and control animals 
was increased as a result of this alteration in the diet and it is to be 
noted that these alkaline diets promoted greater gains and allowed a 
larger percentage of the animals to survive the experiment than had 
been possible with any of the previous diets employed. In this diet- 
ary series the growth rate of the gossypol animals more closely ap- 
proached that of the controls than was true in any of the other series 
with but one exception, that being the acid series, in which the con- 
trols made unusually small gains. Of the 10 rats started on the 
alkaline gossypol diet, 9 finished the experiment with an average gain 
of 128 g, which was only 33 g less than the average gain made by 
their controls and 32 g more thian that made by rats on a similar diet 
(diet 11) xinsupplemented with the basic salts. 

As previously pointed out, precautions had been taken to preserve 
the integrity of the gossypol molecule in preparing the various diets. 
Seeds of known gossypol content were used instead of a purified prep- 
aration of the isolated substance and fresh diets were frequently pre- 
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pared. It does not seem likely that destruction of gossypol by its 
contact with alkali or other reactive constituents in the diet occurred 
previous to ingestion. Rather, the results lead to the opinion that 
calcium salts are favorable to the detoxication of gossypol in the 
animal organism and are particularly effective in the presence of 
excess base. The possible relationship between calcium metabolism 
and susceptibility to gossvpol injury has been alluded to in an earlier 
paper {6). Further evidence in support of this opinion has been 
obtained in experiments carried out in vitro in which gossypol, when 
dissolved in oil and suspended in a buffered alkaline solution, was 
precipitated upon the addition of a soluble calcium salt. The sta- 
bility of this calcium complex has not been determined. 

SUMMARY AND CONCLUSIONS 

The necessity of using biological methods of assay for the deter- 
mination of physiolorically active gossypol in certain cottonseed prod- 
ucts prompted a study of dietary factors which influence the response 
of rats to gossypol ingestion. Accordingly, experimental diets con- 
taining a known percentage of gossj^pol were varied in their content 
of protein, fat, carbohydrate (lactose), and calcium and in their po- 
tential acidity and alkalinity. For each of these alterations made in 
the gossypol diets, a similar alteration was made in a control gossypol- 
free diet. The criterion used to judge the effectiveness of a dietary 
alteration in modifying the deleterious effect of gossypol was that the 
effect so produced be more apparent in the performance of the rats 
on gossypol diets than in their controls. 

The results of ad libitum and paired feeding experiments with 
diets of variable protein content (13 to 51 percent) indicated that a 
high protein intake was favorable to the detoxication of gossypol. 
The effect of high fat diets was questionable. Lactose when fed at 
a 2(l-percent level proved to be detrimental to the growth of normal 
rats; its effort on the gossypol rats was slight. Acidic diets high in 
calcium (1.2 percent) were likewise detrimental to the growth of 
normal rats and only slightly influenced the growth of rats which 
received gossypol and survived the experiment. Alkaline diets high 
in calcium (1.2 percent) proved to be superior to an}’^ of the others 
in allowing the rats on gossypol to approximate a normal growth rate. 

On the basis of those results the conclusion is reached that calcium 
salts in the presence of excess base are especially favorable to the 
detoxication of gossy^pol in the animal organism. Indirect evidence 
of a chemical reaction between calcium and gossypol is offered in 
support of this conclusion. 

The recommendation is made that in the biolorical assay of gossy- 
pol, a basal diet be employed which is potentially slightly acid and 
contains only that amount of calcium and protein which is compatible 
with maintenance and moderate growth. It is tentatively suggested 
that in feeding cottonseed products to secure rapid growth the ration 
should contain a reasonable excess of the base-forming elements, 
particularly calcium, and liberal amounts of protein. 



266 


Journal oj Agricultural Research voi. 51, no, 3, Aug, 1 , 1935 


LITERATURE CITED 

(1) Bbrgeim, 0. 

1926. INTESTINAL CHEMISTRY. V. CARBOHYDRATES AND CALCIUM AND 
PHOSPHORUS ABSORPTION. Jour. Biol. Chem. 70: 35-45. 

( 2 ) Clark, E. P. 

1928. STUDIES ON GOSSYPOL. II. CONCERNING THE NATURE OP CARRUTH’S 

D GOSSYPOL. Jour. Biol. Chem. 76: 229-235. 

(3) 

1929. STUDIES ON GOSSYPOL: A PROGRESS REPORT. Oil and Fat Indus. 

6(7): 15-19, illus. 

(4) Gallup, W. D. 

1928. RELATION OP D-GOSSYPOL TO THE TOXICITY OP SOME COTTONSEED 
PRODUCTS. Indus, and Engin. Chem. 20: 59-63. 

(5) 

1928. THE VALUE OP IRON SALTS IN COUNTERACTING THE TOXIC EFFECTS 

OF GOSSYPOL. Jour. Biol. Chem. 77: 437-449. 

( 6 ) 

1931. STUDIES ON THE TOXICITY OP GOSSYPOL. I. THE RESPONSE OP 
RATS TO GOSSYPOL ADMINISTRATION DURING AVITAMINOSIS. 

Jour. Biol. Chem. 93: 381- 405. 

(7) Jones, D. B., and Waterman, H. C. 

1923. STUDIES ON THE DIGESTIBILITY OF PROTEINS IN VITRO. IV. ON 

THE DIGESTIBILITY OF THE COTTONSEED GLOBULIN AND THE 
EFFECT OP GOSSYPOL UPON THE PEPTIC-TRYPTIC DIGESTION OF 

PROTEINS. Jour. Biol. Chem. 56: 501- 511, illus. 

(8) McCollum, E. V., and Simmonds, N. 

1918. A STUDY OF THE DIETARY ESSENTIAL, WATER-SOLUBLE B, IN RE- 
LATION TO ITS SOLUBILITY AND STABILITY TOWARDS REAGENTS. 

Jour. Biol. Chem. 33: 55-89, illus. 

(9) Robison, W. L. 

1934. cottonseed meal for pigs. Ohio Agr. Kxpt. Sta. Bull. 534, 44 
pp., illus. 

(10) Schwartze, E. W., and Alsberg, C. L. 

1924. relation between toxicity of cottonseed and its GOSSYPOL 

CONTENT. Jour. Agr. Research 28: 173-189, illus. 

(11) and Alsberg, C. L. 

1924. PHARMACOLOGY OF GOSSYPOL. Jour. Agr. Research 28: 191-198, 
illus. 

(12) Withers, W. A., and Carruth, F. E. 

1918. GOSSYPOL, THE TOXIC SUBSTANCE IN COTTONSEED. Jour. Agr. 
Research 12: 83-102, illus. 



STUDIES ON THE NICOTINE CONTENT OF CIGARETTE 

SMOKE 1 

By C. O. Jensen, instructor in agricultural and biological chemistry, and D. E. 

JIaley, professor of soil chemistry and phytochemistry, Pennsylvania Agricultural 

Experiment Station 

INTRODUCTION 

Nicotine has been praised and condemned ever since it was first 
isolated from tobacco by Posselt and Reimann as cited by Pictet 
(19a, 159y in 1828. Both praise and condemnation have had little 

factual basis, however, for the physiological action of nicotine in 
tobacco smoke is still a controversial subject. Before investigators 
can establish the efl'ect of inhaling nicotine in smoke, they must know 
how’^ much of the alkaloid is present. Many conflicting statements 
are found on this subject. 

A review of the literature shows that several factors may cause a 
fluctuation in the nicotine content of tobacco smoke, among which 
are the moisture content of the tobacco, the rate of smoking, the 
quantity left unburned, and the nicotine content of the tobac.co itself. 

In order to study these factors a satisfactory method for the 
determination of nicotine in smoke must be employed. The existing 
methods were therefore reviewed. 


METHODS FOR DETERMINING NICOTINE IN TOBACCO AND 

TOBACCO SMOKE 


A method for the determination of nicotine in tobacco smoke must 
liave two particular (pialifications. As in the case of tobacco itself, 
the UH'tliod must not include the estimation of ammonia, pyridine 
and its derivatives, or other basic substances as nicotine. It is 
particularly important that ammonia be separated (piantitatively 
from the nicotine, as shown by the data of Haley, Jensen, and Olson 
(S) ^ on cigar smoke. In fact, the ammonia content of smoke equals 
or exceeds the nicotine content in some cases.^ Schaarschmidt {20) 
has shown that pyridine is present in much smaller amounts. 

A second qualification which the method niust have is the ability 
to measure accurately small amounts of nicotine. 

Picric acid reacts with nicotine to give the yellow amorphous 
dipi(*rate which gradually changes to the crystalline form. Pfyl and 
Schmitt {19) have used this reaction as the basis of a method for the 
determination of nicotine. This method with modifications was used 
by several German investigators {2, 6, 12,18^ 26), in the analysis of 
both tobacco and tobacco smoke. Pfyl and Schmitt state that the 
picric acid method is excellent for the determination of nicotine in 
tobacco smoke because ammonia, pyridine, and other bases do not 
interfere. But Koperina {12) states that nitrogen compounds do 


* Kecelved for publication Dec. 0, 1934; Issued Septemlwr 1935. Submitted in 

requirements for the degree of doctor of philosophy, publislied as technical paper No. 654 of the rennsyi- 
vanla Agricultural Kxiieriment Station. ^ 

3 Reference is made by numlier (italic) to Literature Cited, p. 274. AvuunMii 

* Jensen, C. O. the chemistry or tobacco smoke i. the study of the nicotine and ammonia 
CONTENT OF CIGAR SMOKE. Thesls, M. S., Pa. State Col. 1930. 
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interfere in this determination. In a comparison of the Pfyl and 
Schmitt method {19) with Baggesgaard-Rasmussen’s silicotungstic 
acid method (f), Heiduschka and Muth (fl) showed that the two 
methods gave practically identical results. 

At the present time Chapin’s silicotimgstic acid method (7) or 
modifications of it are widely used for nicotine determinations (5, 28, 
4,11,16,22,28). 

Any method in which silicotungstic acid is used as the precipitating 
agent solves the question of ammonia separation because ammonium 
silicotungstate is soluble in water (7). Pyridine is more likely to 
interfere in the precipitation of nicotine (7, 14, 17). However, Mach 
and Sindlinger (14) state that nicotine can be separated from pyridine 
in cold 0.5 percent hydrochloric acid solution, if the solution is made 
so dilute that no pyndine is precipitated. In this case only a very 
small amount of mcotine escapes precipitation. Baumberger (8) has 
stated that the nicotine content of smoke can be determined by 
Chapin ^s method without pyridine interference. Wenusch (26) used 
this method on cigar smoke and found that the results obtained were 
too high. On diluting the solutions to 10 times their original volume 
before precipitation, the results were the same as those obtained on 
the polarimeter. It was possible for Wenusch to determine nicotine 
by tlie polariscope for he used the smoke from 25 cigars for one deter- 
mination. 

Because of the possible erroneous results that might be obtained 
if too much pyridine is present, a series of determinations wore made 
to find the concentration at which pyridine does not interfere with 
the preceipitation of nicotine in dilute solutions. 

Samples containing nicotine and added amomits of pyridine were 
treated as outlined by Chapin (7). One himdred cubic centimeters 
of a solution of nicotine and pyridine was placed in a Kjeldahl flask, 
made alkaline with sodium hydroxide, and steam-distilled. The 
solutions obtained were made up to 500 cc, and four 100-cc aliciiiots 
were taken. The first aliquot was not diluted but the other three were 
diluted 1-1, 1-2, and 1-3 with distilled water, acidified with HCl, 
before precipitation with 5 cc of 12 percent silicotungstic acid. The 
precipitates were filtered through weighed Gooch crucibles, dried for 
3 hours at 125° C., and weighed. The results are given in table 1. 


Table 1.< — Determination of nicoime ae influenced by various concentrations of 

pyridine 


Solution analyzed 

Volume 
of solu> 
lion pre- 
cipitated 

Dilution 

Concen- 
tration 
of added 
pyridine 

Concen- 
tration 
of nico- 
tine 

Weight 
of pre- 
cipitate 

Nicotine 
calcu- 
lated on 
basis of 
original 
sample 

0.060 g nicotine in 100 cc, no pyridine 

0.060 g nicotine and 0.20 pyridine in 100 cc. 

0.060 g nicotine and 0.060 g pyridine in 
100 cc 

cc 

{ 100 

100 

i 200 

300 

1 500 

f 100 

I 200 

1 300 

{ 600 

( 100 

I 200 

1 300 

1 ,500 

None. 

None. 

1-1 

1-2 

1-4 

None. 

1-1 

1-2 

1-4 

None. 

1-1 

1-2 

1-4 

Percent 

0 

0 

0 

0 

0 

.04 

.02 

.013 

.008 

.12 

.06 

.04 

.024 

Percent 

0.012 

.012 

.006 

.004 

.002 

.002 

.006 

.004 

.002 

.012 

.006 

.004 

.002 

Grams 

0. 1164 
.1168 
.1141 
.1105 
.1070 
.1640 
.1188 
,1104 
. 1076 
.5666 
,3014 
.1649 
.1052 

Percent 
0.050 
.050 
.058 
.056 
.064 
.083 
.060 
.066 
.064 
.286 
! .153 

.083 
.053 
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These results show that in solutions containing less than 0.02 
percent of pyridine, there is little interference in the estimation of 
nicotine. However, it is also evident that as the solutions are diluted 
a small amount of nicotine escapes precipitation. In order, therefore, 
to be certain that pyridine does not interfere with the determination 
of nicotine, the solutions must be diluted by trial until there is no 
sharp drop in the weight of the precipitate. 

Solutions obtained from the absorption of cigarette smoke were 
so treated, and there was no significant difference between the weight 
of the precipitates from the diluted and the undiluted samples. This 
agrees with the results of Baumberger (3) and Schaarschmidt and 
his coworkers (^0). Furthermore, after 18 hours the precipitates 
were crystalline and settled out rapidly after stirring, w^hich is not the 
case when more than 0.02 percent of pyridine is present. 

Since ammonm did not interfere with the results of Chapin’s 
silicotungstic acid method (7) and pyridine did not interfere under 
the conditions of the writers’ tests with rather dilute smoke solutions, 
this method was used for the present w*ork. 

APPARATUS AND PROCEDURE 

The machine shown in figure 1 was devised to smoke cigars, cigarettes 
or pipes with a constant length and strength of puff at the same 
intervals. 

The cigai*ett(» a is held in a small calcium chloride tube b and the 
smoke is absorbed in the gas-absorption tubes c, (/, e, and /. The 
pump p creates a partial vacuum in the flask j, and tliis puffs the 
cigarette w henever the slowdy rotating valve h is open. 

The reducing gear g is connected by a short piece of garden hose to 
the valve h. The reducing gear is turned by a synclironous motor 1. 
In order to prevent an increase of the vacuum inj as measured by the 
water manometer rr?, air is allow^ed to bubble tlirough I into the bottle 
k which contains oil. The amount of vacuum can be regulated by 
the height of the oil in k and also partly by the valve n. The calcium 
chloride tower o is used to prevent water vapor from entering the 
pump p. 

Cigarettes were stored for at least 2 w^eks in containers of known 
humidity so that the moisture content could be controlled. Five 
cigarettes were weighed to the nearest hundredth of a gram and 
smoked with a ^^puff” 1.6 seconds long with an interval of 6.1 seconds 
between puffs. The difference between atmospheric pressure and the 
pressure in the vacuum bottle was 15.25 inches of w^ater, unless other- 
wise stated. This allowed 20 cc of air, as measured by a gas meter, 
to pass tlirough the cigarette with every puff. The smoke was col- 
lected in a train of four gas-absorption tubes each containing 12.5 cc 
of cliloroform and 12.5 cc of 0.1 N sulphuric acid. 

After the smoke from the five cigarettes had been collected the 
chloroform-acid solution was placed in a separatory funnel together 
with the chloroform and water washings from the cigarette holder 
and the absorption tubes. The liquid was a^tated and the lower 
cliloroform layer was removed and mscarded, since nicotine sulphate 
is insoluble in chloroform. The acid solution contaimng the nicotine 
sulphate was placed in a Kjeldahl flask and steam-distilled after the 
addition of 35 cc of sodium hydroxide and a few pieces of porous plate. 
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The volume of liquid at this point was about 300 to 400 cc. In order 
to keep the volume of the solution from increasing the flask was heated 
gently. The distillate was collected in water acidified with 15 cc of 
dilute HCl (1-4) until 500 cc had distilled over. After the distilla- 
tion was completed the nicotine was precipitated with 5 cc of 12 per- 
cent silicotungstic acid, stirred well, and allowed to stand overmght. 
It was then filtered through a weighed Gooch crucible, heated in an 
oven at 125°C. for 3 hours, and weighed. The weight of the pre- 
cipitate multiplied by the f^tor 0.1012 gave the weight of nicotine. 
"This was divided by the weight of tobacco smoked to get the weight 
of nicotine secured from 1 g of tobacco. The data given in this paper 
are averages of two or more results. 



Figure i.— Apparatus used to smoke cigars, cigarettes, or pipes with constant length and strength of 
pulT at same time intervals: a, Cigarette; 6, small calcium chloride tube used as cigarette holder; c-f, 
glass-stopperod gas-absorption tubes, 1 by 8 inches; reducing gear, 48 to 1, with 8-lnch pulley; A, brass 
valve; i, synchronous motor, one-sixteenth horsepower, 1,200 revolutions per minute; J, 2-liter suction 
flask; k, tall (24-inch) bottle containing motor oil, S. A. E. 30, to a height of 17 inches; I, 3.5-mm glass air- 
F inlet tube; m, tall (24-inch) bottle used as a water manometer; n, Hoke needle valve from oxygen tank; o 
calcium chloride tower; p, high-vacuum pump. 


The experimental conditions did not of course duplicAte actual 
cigarette smoking conditions. 

NICOTINE CONTENT OF CIGARETTE SMOKE AS AFFECTED BY 
THE MOISTURE CONTENT OF THE TOBACCO 

In 1923 Heinz (10) stated that smoke from a moist cigar contained 
from 50 to 75 percent more nicotine than smoke from a dij cigar. 
But SchSUer’s results (^1) in 1928 showed practically no difference 
1 between the nicotine content of the smoke of dry and moist cigars. 
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Winterstein and Aronson {29) published results in 1929 which differed 
from the findings of both of these workers. They state that from a 
dry cigarette 30 percent more nicotine goes into the mouth of the 
smoker than from a moist one. The water content of the dry to- 
bacco was 4.8 percent and that of the moist tobacco was 16.5 percent. 
Waser and StShli {24) and Molinari {16) also found more nicotine 
in the smoke from diy cigarettes than from moist ones. Results 
which differed from any yet reported were given by Kovalenko {13) 
in 1931, who stated that an increase in the moisture content of cig- 
arettes from 9 to 11 percent increases the nicotine content of the smoke 
but a further increase in the moisture content decreases the nicotine 
in the smoke. 

EXPERIMENTS 

Cigarettes were stored for a period of at least 2 weeks in desiccators 
having known humidities. The desired relative humidities were ob- 
tained from the data of Wilson {27) on humidity control by means of 
sulphuric-acid solution. 

The moisture content of the cigarettes was determined by drying in 
a vacuum over concentrated sulphuric acid for 2 weeks. The pro- 
cedure described in the previous section was used to determine the 
nicotine content of the smoke from these cigarettes. The results are 
shown in table 2. 


Table 2. — Nicotine content of cigarette smoke as affected by the moisture content of 

the tobacco 


Moisture content of 
cigarette (percent) 

Nicotine 
found in 
smoke 
per gram 
of dry 
tobacco 

Nicotine 
found in 
the smoke 
as com- 
pared to 
nicotine 
in the 
original 
tobacco 

Moisture content of 
cigarette (percent) 

Nicotine 
found in 
smoke 
per gram 
of dry 
tobacco 

Nicotine 
found in 
the smoke 
as com- 
pared to 
nicotine 
in the 
original 
tobacco 

0.0 

MiUigraTnt 

9.2 
7.8 

7.3 
6.5 

Percent 

42.4 

35.9 

33.6 

30.0 

11.10 

Milligrams 

5.7 

5.1 

4.6 

Percent 

26.3 

23.5 

21.2 

3.99- 

14.34 

6.43 

24.44 

9.22 



These results clearly show that an increase in the moisture content 
of cigarettes decreases the nicotine content of the smoke. Contrary 
to the findings of Kovalenko (fS), the nicotine found in the smoke 
does not increase with the moisture content from 9 to 1 1 percent. 

NICOTINE CONTENT OP CIGARETTE SMOKE AS AFFECTED BY 
THE STRENGTH OF PUFF 

Bogen (5), Wenusch (26), and Kovalenko (IS) all state that the 
nicotine content of cigarette smoke increases with the rate of smoking. 

EXPERIMENTS 

Cigarettes stored at four different humidities w®^® smoked under 
conditions identical with those reported in the previous section, except 
that the vacuum used was equal to 14 inches of water instead of 15.«^5 
inches. This allowed 16 cc of air to pass through the cigarette at 
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each puff instead of 20 cc as in the previous series. The results are 
given in table 3, 


Table 3. — Nicotine content of cigarette smoke as affected by the strength of puff, 
cigarettes of different moisture content being used ^ 


Moisture content of cigarette (percent) 

Nicotine found in the 
smoke per gram of 
dry tobacco 

Nicotine found in the 
smoke as compared 
to nicotine in the 
original tobacco 

16 cc of air 
puff 

Mtlligrams 
8. 1 
7.0 

6 6 

2 3 

20 CC of air 
puff 

Milligrams 

9.2 

7.8 

73 

16 cc of air 
puff 

20 CC of air 
puff 

./ r .'-' -.r'.i 

6.43 - 

315 -- -- -- 

Percent 
37.3 
32 3 
30 4 
10.6 

Percent 

42.4 

35.9 

33.6 




1 In these trials 16 cc of air passed through the cigarette at each pull instead of 20 cc as in series reported 
in table 2. 


The results show that an increase in the volume of air going through 
the cigarette at each puff increases the amount of nicotine in tlie 
smoke. This agrees with the findings of others (.5, ISy 

NICOTINE CONTENT OF CIGARETTE SMOKE AS AFFECTED BY 
THE LENGTH OF BUTT 

Hoiduschka and Muth {9) determined the amount of nicotine in 
the smoke when four-fifths of a cigarette was moked. Using a 4- 
second puff at 6-second intervals, they found an average of 0.19 p<u’- 
cent of the weight of the cigarettes as nicotine in the smoke. The 
original nicotine content of the cigarettes used was 1.19 percent. 

EXPERIMENTS 

Cigarettes of 7-cm length with a nicotine content of 2.17 percent 
and a moisture content of 11.1 percent were smoked until butts of 
1-, 2-, or 3-cm lengths remained. The cigarettes were given a light 
coating of paraffin near the end and inserted in a warm glass tube 
which was only slightly larger than the cigarettes. Only the part to 
be burned remained outside the tube. The paraffin solidified on cool- 
ing, forming an air-tight joint. The cigarettes were smoked until the 
burning zone reached the glass tube. The results are given in table 4. 


Table 4. — Nicotine content of cigarette smoke as affected by the length of buU 


Length of butt (length of unsmoked cigarettes, 

7 cm) (centimeters) 

Fraction 
of ciga- 
rette 
smoked 
(F) 

Amount of 
nicotine in 
smoke per 
cigarette 
whose dry 
weight 
equals 1 g 
(A) 

Nicotine 
found in 
the smoke 
as com- 
pared to 
nicotine 
in the 
original 
tobacco 

Nicotine con- 
densed in butt 

3 


Milligrams 

1.3 

Percent 

6.0 

Percent 

60.1 

2 

2.5 

11.5 

38.6 

1 

3.8 

1 17.5 

22.3 

0 

1 

26.3 

0.0 
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The percentage of nicotine condensed in the butt was calculated 
from the difference between the amount of nicotine actually found 
and the nicotine which theoretically should have been found in the 

smoke 

The condensation of nicotine in the imbumcd tobacco is a very 
important factor governing the amount of the alkaloid that the 
smoker will receive. Under the conditions of this experiment the 
condensation amounts to 60 percent of the nicotine which ordinarily 
appears in the smoke, when the length of unburned cigarette is 3 cm 
or three-sevenths of the original product. With a length of butt of 
I cm, only 22 percent of the nicotine which ordinarily appears in the 
smoke was held in the unbunied portion. The actual amount of 
nicotine found in the smoke of 1 cigarette burned to a length of 1 cm 
will be approximately equal to the nicotine found in the smoke from 
3 cigarettes wrhose butts are 3 cm in length. One cigarette smoked 
to a 2-cm butt wdll have as much nicotine in its smoke as 2 cigarettes 
smoked to a length of 3 cm. ail though the above exact relationships 
will hold true only under the conditions of this experiment, it is 
apparent that the length of butt is one of the most important factors 
governing th(‘ nicotine content of cigarette smoke. 

THE NICOTINE CONTENT OF THE “SIDE STREAM^* 

Bogen (5) states that the side stream ordinarily constit\ites the 
greater part of the smoke as shown by the car()on-dioxide content. 
Winterstein and Aronson { 28 ) measured the nicotine and reported 
that 43 to ()2 percent of the total nicotine goes into the side stream. 

EXPERIMENTS 

Cigarettes were phu’ed in the machine and smoked as tisual, but 
instead of allowing the side stream to escape, it was trapped and 
passed through four gas-absorption tubes. In order to trap the side 
stream the burning cigarette was placed in a bulb with two small 
openings at opposite sides. Through one of these openings the 
cigarette was placed. This opening had a diameter 1 cm greater 
than that of the cigarette holder, wrhich allowed air to enter the bulb 
at such a rate that none of the smoke was lost. The air and smoke 
were pulled through the other opening into the gas-absorption tubes 
by means of a continuously running water pump. 

The results are given in table 5. 


Table 6. — Nicotine content of the aide stream smoke as modified by the moisture 

content of the cigarette 


1 

Moisture content of cigarette (percent) 

Main stream 
(amount of 
nicotine as ! 
compared to 
the nicotine 
m tobacco) 

Side stream 
(amount of 
nicotine as 
compared to 
the nicotine 
in tobacco 

Amount of 
nicotine in 
tobacco 
not found 
in smoke 

13 . - 

Percent 

26.3 

Per cent 
31.8 

Percent 

41.9 

[) 

42.4 

28.6 

29.0 



. 

- . 
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Contrary to the results of the study of the relation between the 
moisture content of the tobacco and the amount of nicotine in the 
main stream, the side stream shows a decrease of nicotine when the 
moisture content decreases. This may be partly explained by the fact 
that dry cigarettes burn more quickly than moist ones. Only 8 puflFs 
are required to bum 1 cm of the dry cigarettes, while 15 puffs are 
required for those with a moisture content of 11.13 percent. In the 
more rapidly burning dry cigarettes there is evidently greater distilla- 
tion and less destruction of the nicotine. This accounts for the 
increased amounts of the alkaloid in the main stream. But the rate 
at which the tobacco bums when air is not passing through the dry 
cigarette may not be increased to the extent that it is when air is 
drawn through it. Thus the shortened time of burning will cause a 
smaller amount of nicotine to be found in the side stream. A study 
of the carbon-dioxide content of the two streams of smoke and the 
temperature of the burning zone might help to explain the foregoing 
facts. 

SUMMARY 

A study of methods of determining nicotine, applicable to cigarette- 
smoke solutions, has shown (1) that pyridine does not interfere in 
the precipitation of nicotine by silicotungstic acid in concentrations 
below 0.02 percent, and (2) that the concentration of pyridine in 
cigarette-smoke solutions is not high enough to interfere with the pre- 
cipitation of nicotine by silicotungstic acid. 

A machine is described which will smoke cigarettes, cigars, or pipes 
with puffs of constant volume and imvarymg length at constant 
intervals. 

The nicotine content of cigarette smoke varies inversely as the mois- 
ture content pf t^e fijaaf/attes. - . 

^THe amount of nicotine in the smoke is directly proportional to the 
strength of the puff. 

There is a marked condensation of nicotine in the short imbumed 
portion of a cigarette. 

Under the conditions of these experiments cigarettes with a moisture 
content of 11.13 percent contained more nicotine in the side stream 
than in the main stream; cigarettes with a moisture content of 0 
contained less nicotine in the side stream than in the main stream. 

LITERATURE CITED 

(1) Baggbsgaard-Rasmussen, H. 

1915. DIB BEBTIMMUNG VON NICOTIN IN TABAK UND TABAKPRAPXRATBN. 

Abstract in Chem. Ztg. 39: 25. 

(2) Barta, L., and Toole, E. 

1931. MIKROTITRIMETRISCHE BEBTIMMUNG DEB NICOTINB IM TABAKRAUCH. 

Ztschr. Angew. Chem. 44: 682-683, illus. 

(3) Baumberger, J. P. 

1923. THE NICOTINE CONTENT OP TOBACCO SMOKE. JouF. Pharmacol. and 

Expt. Ther. 21: 35-46, illus. 

(4) Benvegnin, L. 

1931. DU DOSAGE DB LA NICOTINE PAR LA M^THODE AU SILICOTUNGSTATE. 

Mitt. Lebensmtl. Untersuch. u. Hyg. [Switz.] 22: 217-220. 

[Abstract in Chem. Abs. 26: 1390. 1932.1 

(5) Bogen, E. 

1929. THE composition of cigarets and cigaret smoke. Jour. Amer. 

Med. Assoc. 93: 1110-1114. 




Aag. 1, im Studies on Nicotine CoTvtent oj Cigarette Smoke 


275 


(6) Bolm, F. 

1930. Ober raughen, nicotikqrenzzahlen und die nicotinbestim- 

PFYL UND SCHMITT. Ztschr. Untcrsuch. Lebensmtl. 

(7) Chapin, R. M. 

1911. THE DETERMINATION OP NICOTIN IN NICOTIN SOLUTIONS AND 
TOBACCO EXTRACTS. U. S. Dept. Agr., Bur. Anim. Indus. Bull. 
133, 22 pp. 

(8) Haley, D. E., Jensen, C. O., and Olson, O. 

1931. A study op THE AMMONIA CONTENT OP CIGAR SMOKE. Plant 

Physiol. 6: 183-187, illus. 

(9) Hbiduschka, a., and Muth, F. 

1928. Ober nikotin im tabak ii. Pharm. Zentralhalle 69: [3051-307. 

(10) Heinz, R. 

1923. UEBER DIE OIFTIOKEIT DES TABAKRAUCHES, INSBESONDERE DEB 

zigarettenrauches. Deut. Med. Wchnschr. 49; 318-319. 

(11) Kasansky, B. 

1931. MASSANALYTISCHE SCHNELLBESTIMMUNG von NICOTIN MITTEL8 
KiESEL-woLFRAMSlURE. Ztschf. Analyt. Chem. 83: 107-114. 

(12) Koperina, a. W. 

1930. UNTBRSUCHUNG DBR STICKBTOPFHALTIGEN VERBINDUNGEN DBS 

TABAKRAUCHES. Biochem. ztschr. 219: 258-276, illus. 

(13) Kovalenko, E. 

1931. THE NICOTINE CONTENT OP TOBACCO SMOKE. State Inst. Tobacco 

Invest. (U. S. S. R.) Bull. 81: 77-85. [Abstract in Chem. 
Abs. 26: 6066. 1932.] 

(14) Mach, F., and Sindlinger, F. 

1924. VERSUCHE ZU BESTIMMUNG DBS PYRIDINS MIT KIESELWOLPRAM- 

SAURE, INBESONDERE BEI GEGENWART VON NICOTIN. Ztschr. 

Angew. Chem. 37: 89-92. 

(15) Molinari, E. 

1932. OBER DEN EINFLUSS DBR LUFTPEUCHTIGKEIT AUF DEN NIKOTINGE- 

HALT DES TABAKRAUCHES. Fachl. Mitt. Ostcrr. Tabakregic 
1932(2): 4-7. 

(16) Nagy, V. L. 

1 932. BESTIMMUNG KLEINER NICOTINMENGEN IM TABAKRAUCH. Biochem. 

Ztschr. 249: [404J-408. 

(17) North, E. O., and Beal, G. D. 

1924. THE PREPARATION, PROPERTIES, AND USES OF 8ILICODUODECITUNG- 
STic ACID. Jour. Amer. Pharm. Assoc. 13; 889-898. 


(18) Petri, W. 

1930. ZUR BEURTEILUNG deb NICOTINGEHALTB DBR tabake. Ztschr. 
Untcrsuch. Lebensmtl. 60: 123-136. 

(19) Pfyl, B., and Schmitt, O. 

1927. ZUR BESTIMMUNG VON NICOTIN IN TABAK UND TABAKRAUCH. 

Ztschr. Untcrsuch. Lebensmtl. 54: 60-78, illus. 

(19a) Pictet, A. 

1904. THE vegetable ALKALOIDS. WITH PARTICULAR REFERENCE TO 
THEIR CHEMICAL CONSTITUTION. From 2d Fr. ed., rendered 

into Engl., rev. and enl. ... by 11. C. Biddle. 505 pp. 
New York and London, 

(20) ScHAARscHMiDT, A., Hofmeibr, H., and Nowak, P. 

1932. UNTERSUCHUNGEN OBER DIE VERWENDBARKEIT VON ADSOl^TIONS- 
MITTELN ZUM ENTGIFTEN VON TABAKRAUCH. Chem. Ztg. 56: 

911-913, illus. 

(21) SchOller, R. 

1928. NIKOTINGEHALT dbs rauches feuchter und trockener zigar- 

REN. Fachl. Mitt. Osterr. Tabakregie 1927-28 (2): 2-4. 

(22) Wagner, O. 

1932. BINE STANDARDMETHODE ZUR BESTIMMUNG DES NICOTINS. l^Dem. 

Ztg. 56: 462-463, illus. 

(23) WaKBHAM, G. 

1930. RAPID NEPHELOMETRIC METHOD FOR THE APPROXIMATE DETERMI- 
NATION OF NICOTINE IN TOBACCO. Chemist Analyst 19(1): 8-10. 

(24) Wasbr, E., and StXhli, M. i_ it x * 

1932. UNTERSUCHUNGEN AM TABAKRAUCH. I. Ztschr. untersucu. 
Lebensmtl. 64: 470-485. 



276 


Journal of Agricultural Research 


Vol. 61, no. 3 


(25) Wenusch, a. 

1927. NIKOTINBESTIMMUNGEN IN DEN RAUCHGA8EN NORMALBR UND 

ENTNiKOTiNisiERTER ziGARREN. Fachl. Mitt. Osterr. Tabak- 
regie 1927-28(1): 7-8. 

(26) 

1931. BEITRAG ZUR BE8TIMMUNG DEB NIKOTIN8 IN RAUCHGA8BN. Fachl. 
Mitt. Osterr. Tabakregie 1931(1): 1-8. 

(27) Wilson, R. E. 

1921. HUMIDITY CONTROL BY MEANS OF SULFURIC ACID SOLUTIONS, WITH 
CRITICAL COMPILATION OF VAPOR PRESSURE DATA. JoilP. Illdus. 

and Engin. Chem. 13: 326-331, illus. 

(28) WiNTEHSTBiN, A., and Aronson, E. 

1928. BEITRAGE ZUR KENNTNIS DBS TABAKGENU88BS. II. MITTEI- 

LUNG. fJBER DEN VERBLEIB DBS NICOTINS BEIM TABAKRATK’HEN. 

Ztschr. Hyg. u. Infektionskrank. 108: [530]“553, illus. 

(29) and Aronson E. 

1929. UBBER DA8 ZIGARETTENRAUCHEN. ScllWciz. Med. WchllSCbr. 

59: 550 552. 



THE EFFECT OF AUXINS UPON PHYTOPHTHORA 
CACTORUM 1 


By Lbon H. Leonian 2 

Mycologigl, Weti Virginia Agricultural Experiment Station 
INTRODUCTION 


Ever since Pasteur announced that yeasts were unable to grow in 
a solution consisting of mineral salts and sugar, investigators have 
devoted much time not only to the effect of such substances on yeasts 
and yeastlike fungi, but also to the effect of growth-promoting 
factors extracted from yeast and tested tipon plants and animals. 
An extensive survey of literature on this subject is given by Miller 
{6),^ Tanner {12), Sherman and Smith (ll), and Buchanan and 
Fulmer {2). With a few exceptions, filamentous fungi have received 
but little attention. What few fungi have been tested belong, 
largely, to the usual genera, such as PeniciUium, Aspergillus, and 
Rhizopus. For instance, Kogl and his coworkers {5), who have 
isolated three different auxins from human urine and have deter- 
mined their chemical structime, report the finding of growth-pro- 
moting substances in several species of Rhizopus as wen as in Es- 
cherichia coli. Nielsen (7) found an auxin in Rhizopus suinus and 
named it rhizopin. According to him this substance accelerates 
growth of Aspergillus niger nine times and greatly increases conidia 
production. Nielsen and Hartelius (8) made fimther studies of 
rhizopin and reported that it contains two distinct auxins, A and B. 
Auxin A is soluble in ether, is destroyed by oxidation, and promotes 
growth in oat coleoptile just as Kogl’s auxins do. Auxm B, on the 
other hand, is insoluble in ether, is not destroyed by oxidation, and 
promotes growth in A. niger and not in oat coleoptile. Von Euler 
and Philipson (4) report that oat coleoptiles contain a growth factor 
for R. tritici, R. nigricans, Aspergillus wentii, and a species of Peni- 
cillium. Almoschlechner (!) classifies the auxin found in Boletus 
edulis as “Wuchsstoffe B” which, like auxin B of Nielsen and Philip- 
son, is insoluble in ether. Schopfw (10) found that Phycomyces 
blakesleanus would not grow in a mineral solution and a pure grade 
of sugar, whereas commercial maltose induced good growth. He 
tested the effect of vitamins B* and B=“ of Windaus and Kuhn and 
found that these substances induced growth in the fungus as well 
as in wheat seedlings. 

It is quite probable that a great many fungi are capable of manu- 
facturing their own auxins, while others depend upon other orgamsms 
for their growth-promoting substances. For instance, Mucor gene- 
vense, Zygorhynehus heterogamus, Pythium bvtleri, _ and Pythtum 
debaryanum make a good growth in a mineral solution and 
whereas Phycomyces blakesleanus, Pythium polymastum, Phytophthwa 
cactorum, and Copnnus radians cannot grow imless some complex 
organic substance is added to the nutrient solution. 


' Received for pablicatlon Apr. IS, IMS; issued September 1033. Seientiflc Paper no. U9 of the West 
« Reference is made by number (italic) to Literature Cited, p. 286 


Journal of Agricultural Research^ 
Washington, D. C. 


( 277 ) 


Vol. 51 no. 3 
Aug. 16, 11)35 
Key no. W. Va.-lO 



278 


Jownal of Agricvitural Research 


Vol. SI, no. 3 


EXPERIMENTS 

This paper is concerned only with Phytophthora cactorum (Leb. 
and Cohn) Schroeter. The fungus makes no growth whatever when 
transferred to a solution consisting of 5 g of pure dextrose, 1 g of 
potassium nitrate, 0.5 g of dihydrogen potassium phosphate, and 
0.26 g of magnftwiim sulphate in 1,000 cc of water. When, however, 
the primary root of an aseptically germinating com grain is cut when 
it is about an inch long and is transferred to this solution, the fungus 
grows readily (fig. 1) and reproduces both asexually and sexually. 

Some may object to the composition of the nutrient solution 
described above on the ground that it does not cont^ such essential 
elements as zinc, manganese, boron, iron, copper, iodine, thalhum, 
etc., which, while needed in very minute quantities, may, nevertheless, 
be controlling factors in the growth of fungi. In order to overcome 
this objection, some canned green peas were dried and ashed at a 
comparatively low temperature; the ash was treated with hydro- 


u. 






1 

k':> 

1 

1 

f 

,i 



1 



A 


Li 



Figure l. —Effect of corn root auxins upon PhvtopUhora cactorum: Growth one-sided because there is 

only one source of auxins; B, A more symmetrical growth because of the presence of two sources of auxins. 
Note that growth is toward the base of the root whore the auxins are given off. 


chloric acid, evaporated to dryness on a steam bath, and added to 
the nutrient solution. It could induce no growth whatever despite 
the fact that canned peas induce richer and faster growth in Phyto- 
phthora cactorum than any other substance with which the writer 
has had experience. 

The corn root does not need to remain in the solution for very long; 
even so short an exposure as 1 minute is sufficient to endow the solution 
with a certain degree of growth-promoting quality. The longer the 
root is allowed to remain in the solution, the better the growth will 
be. But this is not at all proportionate. For instance, the same 
piece of root was successively transferred through a number of flasks, 
each containing 15 cc of the nutrient solution. The root was kept 
in the first flask for only 1 minute, 5 minutes in the second, 10 in the 
third, 15 in the fourth, 30 in the fifth, 1 hour in the sixth, 2 hours in 
the seventh, 4 in the eighth, 8 in the ninth, 16 in the tenth, and 24 hours 
in the eleventh flask. The amount of growth made in the last flask 
was only three times that made in the first flask. The same was 
true when a different root was used for each flask. 
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Went {14) and others have shown that auxins have a definite 
polarity in the coleoptile of sprouting oat grains, most of the auxins 
being concentrated at the tip and from there moving toward the 
base. Popov (9) obtained similar results with com sprouts. Thimann 
{IS) states that in the roots of Avena the concentration of auxins 
decreases with distance from tip. Cholodny (S) finds that in the 
case of corn roots transport of growth-promoting substances occurs 
only in the basal direction. The writer also found that the movement 
of growth-promoting substances was toward the base, and compara- 
tively smaller amounts were present near the growing tip. This was 
demonstrated by the following methods. Fifteen cubic centimeters 
of nutrient medium prepared according to the foregoing formula 
and solidified by means of 0.76 percent of a pure grade of agar-agar 
was poured in a series of Petri dishes and sterilized. In the first 
series of dishes the roots of com were so placed as to bring the cut 
base in direct contact with the agar, the remaining parts of the roots 
being supported above the surface of the agar by means of short 
pieces of glass tubing. In the second series the position of the root 
was reversed, and the cut base of the root was sealed with paraffin 
in order to check any possible diffusion of protoplasmic substances 
to the surface and from there into the agar. In the third series the 
position of the root was the same as in the second but the root tip 
was cut off and the cut end was allowed to rest on the agar. In the 
fourth series, the position of the root was like that in the first except 
that the root tip was cut off and sealed with paraffin. All these 
dishes were then inoculated. The results are shown in figure 2. It 
can be seen that when the cut base of the root was allowed to come 
in direct contact with the agar, it induced very good growth; the 
presence or the absence of the root tip did not seem to have any 
appreciable effect upon the amount of these substances diffused into 
the agar. Least growth was made when the sound root tip rested 
upon the agar; the removal of the root tip caused a somewhat better 
growth. 

Despite the paraffin coating, a certain amount of cell fluid worked 
its way out from under the paraflSn and accumulated on the root in 
the form of an amber-colored drop. Whenever this drop fell on the 
agar before it could be absorbed by means of a filter paper, a rich 
growth ensued. The following technique was used to overcome 
this: Com grains were germinated aseptically; when the primary 
root was about 4 inches lone and the shoot had formed, the young 
plant was removed to a small flask containing the nutrient solution. 
Only the tip of the root was allowed to come in contact with the 
solution. In some cases the root tip was cut off; in others it was 
left intact. The sound roots gave off only a trace of growth-promoting 
substances and the fungus produced but a slight growth; where the 
root tip was cut off, a somewhat better growth resulted, but in no 
case could it compare with the growth induced by a short piece of 
root aseptically removed from a germinating corn grain and trans- 
ferred to the nutrient solution. In another series of experiments 
the com grains, as soon as they showed signs of germination, '^re 
transferred to Petri dishes containing the nutrient medium solidified 
with agar. The agar was then inoculated; the primary roots were 
allowea to attain a length of 2 inches. The dishes were then divided 
into two groups. In the first group the tip of the primary root was 
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cut oflF, while in the second group in was left intact. In the case 
of the former some growth resulted, while in the case of the latter 
no growth whatever could be seen. 

The relative concentration of growth-promoting substances in the 
roots was tested by another method. When the primary root was 
about an inch in length, it was cut away from the grain and then cut 
into two equal parts; the basal portion was transferred to one flask 
containing the nutrient solution, and the apex to another flask; the 



Figure 2.— Polarity of auxin$>: A, The base of the root resting on agar, all other parts being elevated by 
means of a glass tubing, the root tip intact; B, the base of the root resting on agar, tip cut olT; C, the apical 
portion of the root, with the tip removed, resting on the agar, while the base is elevated; D, the sound 
apical portion of the root resting on the agar. 


flasks were then inoculated. In all cases the basal portion induced 
a much better growth; even when the root tip of the apical portion 
was removed and thus two wounded regions were exposed to the 
solution, no appreciable difference could be seen. 

The growth-promoting substances alone, as given off by the roots, 
cannot support growth. When a piece of root and an inoculum were 

? laced in a dish containing 2 percent agar-agar, no growth resulted, 
'he addition of potassium nitrate, dihydrogen potassium phosphate, 
^d magnesiiun sulphate, alone or in afl possible combinations, 
induced no growth despite the presence of the root. But the root 
and dextrose together induced a fairly good growth. However, the 
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maximum growth residted only in the presence of the essential salts 

In all Pc^-dish preparations the inoculum was always placed 
about an mch away from the root. It was observed that tL growS 
of the fungus was always towards the root, so that eventuaUy a fan- 
shaped colony resulted. No matter how long the fungus was allowed 



Figure 3.--EfIect of different nutrients and auxins. A, Plain agar, inoculum, and root, no growth, 
a, agar, gluc^e, inoculum, and root, iioor growth; C, agar, dihydrogen potassium phosphate, glucose; 
inoculum, and root, iwor growth; J), agar, the essential salts, glucose, inoculum, and root, good growth. 


to grow, the colony always remained fan-shaped. This is due to the 
fact that the mycelium absorbs and retains the growth-promoting 
substances as rapidly as they are diffused so that one-half of the 
plate which contains the root will also contain these substances and 
will, therefore, be able to support growth, while the opposite half, 
containing no root, will have no such substances and will, therefore, 
be unable to support growth. Even a casual examination of the 
colony will show that the richest CTOwth of mycelium is made nearer 
the root, while the poorest is made in the immediate vicinity of the 
inoculum; with the exception of those substances which diffuse 
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through agar and reach the inoculum before anv growth is made, all 
the available supply is absorbed and held by tne growing mycelium 
nearer the source of supply. Even when the root is placed at one 
edge of the plate and the inoculum at the opposite edge, the picture 
remains the same, growth becoming more and more sparse as it is 
followed away from the root. When a strip of agar about 4 mm in 
width is cut away from the middle of the agar in the plate, leaving 
the two halves separated by a channel, and when these two halves are 
connected by an inoculum disk cut from a Petri-dish colonv of the 
fungus by means of a cork borer, growth will be in that half of the 
agar which contains the root; the other half will show no growth 
because the yoimg hyphae growing out of the inoculum disk will not 
allow the growth-promoting substances to diffuse through the inocu- 
lum disk into the opposite half of the agar. 

It is not at all necessary to have a living root. Roots autoclaved 
at 15 pounds' pressure for one-half hour and then transferred to the 
nutrient solution induce a very good growth. When a piece of root is 
crushed in 15 cc of nutrient solution, excellent growth follows; yet, 
according to Thimann (JS), plant tissues when crushed in water do 
not yield appreciable amounts of auxins. If the roots are cut and 
allowed to diy into a brittle, brown tissue and are then transferred 
to a flask of nutrient solution, again a good growth results. Popov {9) 
also found that the active principle remained undiminished in dried 
plants. Thimann, on the other hand, states that root tips of Avena 
do not continue to produce growth substances when cut off and that 
such substances are easily oxidized and destroyed. The writer won- 
ders if the coleoptile of Athena is a very good subject upon which to 
test auxins, or if a mere curvature and a slight elongation of the shoot 
is a convincing index for measuring the concentration of auxins. In 
order to test the effect of oxidation still further, roots were placed in a 
1 percent solution of potassium permanganate for 12 hours, then 
taken out, thoroughly washed, and transferred to flasks containing the 
nutrient solution. In all cases a good growth followed. 

Growth-promoting substances from the corn root can withstand 
very rough treatments. Some roots were kept for 24 hours in 95- 
percent alcohol, in full-strength acetone, in chloroform, and in 1-per- 
cent solutions of lead nitrate, aluminum nitrate, picric acid, gold 
chloride, zinc nitrate, and the salts of some other heavy metals ^own 
to be strong protein precipitants. After they were washed thoroughly 
in three changes of sterile distilled water and transferred to the 
nutrient solution, they induced good growth in the fungus. However, 
0.1 percent of bichloride of mercurv, 1-percent solutions of copper 
sulphate and silver nitrate, and full-strength formalin (40 percent) 
seemed to destroy or inactivate the active principle. It was suspected 
that the toxic substances were not washed out entirely and that they 
diffused from the root and inactivated the fimgus. Consequently, 
when the roots treated with bichloride of mercury, copper sulphate, 
and silver nitrate were first subjected to hydrogen siilphide for 6 
hours, boiled in water until all odor of hydrogen sulphide disap- 
peared, and then transferred to the nutrient solution, they induced 
powth once more. Similarly, when the roots treated with formalde- 
hyde were boiled in distilled water and then transferred to nutrient 
solution, they gave off enough substances to induce a fairly good 
growth. 
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The auxins of the com root were not destroyed when the roots 
were boiled in 20-percent sulphuric acid until they began to disinte- 
grate, and were then washed in distilled water and transferred to the 
nutrient solytion. A 12-hour exposure of the roots to N/10 sodium 
hydroxide solution failed to destroy these substances. A 12-minute 
exposure to the largest X-ray tube was without any effect (140 pre- 
voltage, 5 amperes, distanc.e 10 inches). 

Adsorption on charcoal, fuller’s earth, silica gel, etc., has given 
good results in the separation of the different fractions of vitamin B 
and of the so-called “bioses.” The writer employed 4-percent norit, an 
excellent adsorbing agent. A number of flasks, each containing 
15 cc of the nutrient solution, were prepared. Each flask contained 
a piece of root about an inch in length. Ten days later the roots 
were removed, the solutions cx)mbined, and then divided into two 
equal lots. The first was kept as a check ; the second was boiled with 
4-percent norit until nearly dry and then made up to the original 



Figure and B, ElTect of adsorption. The black region in the agar consist^ of nutrient agar to which 
4 percent of norit was added. The auxins from the root diffuse in all directions but because they are 
adsorbed on the norit barrier, inoculum 6 cannot grow, while inoculum a, having access to a supply of 
auxins, grows readily. 

volume and filtered. Both the filtrate and the check were auto- 
claved, poured in a series of sterile glass capsules (preparation dishes), 
and inoculated. The checks induced a good growth, while the 
solution treated with norit induced no growth at all, showing that 
the growth factors were adsorbed on the norit. 

The effect of norit was tested also in solid media. The nutrient 
solution was solidified by means of 2-percent agar-agar. The medium 
was poured in Petri dishes; after it had solidified, a strip of agar was 
cut away from the middle of the plate, thus separating the two halves 
of the nutrient agar by means of a channel. Another portion of the 
medium, to which 4 percent of norit was added, was poured in this 
channel. One primary root of corn was placed near this strip of 
norit-containing agar. The two halves of the untreated agar w^re 
then inoculated as indicated in figure 4. It can be seen that the 
growth factors which diffused through the base of the root were 
adsorbed on the norit and therefore failed to cross the channel and 
reach the inoculum b; consequently this inoculum failed to grow, 
while inoculum a made a good growth. 
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The effect of norit-treated auxin solutions upon sexuality of 
Phytophthora cactorum was tested. The writer has already demon- 
strated that a substance may be able to induce growth, but it may 
not, necessarily, be able to induce sexuality in this fungus. Proteose 
peptone is such a substance. When 0.2 percent of proteose peptone 
is added to the nutrient solution described in a former paragraph, 
it induces a very good growth but no se.xual reproduction. A number 
of colonies grown in this solution were thoroughly washed in sterile 
distilled water and transferred to three different solutions, as follows: 
(1) Nutrient solution containing no auxins; (2) nutrient solution 
containing auxins; and (3) nutrient solution containing au.\ins, but 
heated with 4 percent of norit and filtered. The first solution did 
not induce any sexual bodies, while the second and the third did. 
It should be recalled that the second solution induced growth, while 
the third failed to do so. This indicates that while growth-promot- 
ing substances are adsorbed on norit, the sexuality-promoting factors 
remain unafl’ected. 

NATURE OF THE GROWTH-PROMOTING SUBSTANCES 

The term “auxin" is used reservedly in this paper because, while 
the writer believes that the growth-promoting factors diffused from 
the corn root are auxins, he has not obtained them in chemically 
pure form, and the evidence, therefore, is circumstantial in nature. 
Although ashed peas failed to induce growth, the objection might 
still be raised that ashing and the subsequent treatment with hydro- 
chloric acid change the various minerals to chlorides and that such 
minerals may be active only in combination with some oiganic 
substances. In cooperation with an organic chemist. Dr. Virgil 
Lilly, the writer has conducted extensive investigations with growth- 
promoting substances of the garden pea. Ether and alcoholic extrac- 
tions containing no minerals whatever have retained all the growth- 
promoting ability of the original substance. It is, therefore, quite 
safe to rule out inorganic salts. Similarly, carbohydrates, fata, 
proteins, proteoses, and amino acids have been left behind without 
in any way affecting the ability of the refined product to induce as 
good growth as the original substance. 

The substance from the corn root cannot be considered of enzymic 
nature, for enzymes cannot withstand the violent treatments to 
which the corn roots were subjected without losing their growth- 
promoting ability. Nor is it likely that these substances are vitamins. 
Of the water-soluble types, vitamins B and G are the only ones 
likely to induce growth. Vitamin Bi does not resist repeated auto- 
claving or the action of strong chemicals. The extract from the 
garden peas which Dr. Lilly and the writer have prepared, purified, 
and tested, were used by Hazel C. Cameron of this station in some 
vitamin-G-free diet feeding experiments with rats. The results were 
all negative, and it is sale to conclude that the growth-promoting 
factor is not vitamin G. 

The growth-promoting substances from the com roots are not 
pantothenic acid. The crystalline pantothenic acid obtained through 
the courtesy of Dr, R. J. Williams failed to induce any growth in 
Phytophthora cactorum. Similarly, one of his “nutrilites” failed in 
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this respect. Pantothenic acid is a good growth-promoting substance 
for yeasts; ^'nutrilite 103'' promotes growth in some other fungi 
with which Dr. Williams has experimented. It would, therefore, be 
an idle generalization to assume that any one auxin may promote 
growth in all fungi. As previously stated, Kogl and his coworkers 
have isolated three different au^dns from human urine. The one 
extracted from the garden pea by Dr. Lilly and the writer is different 
in its chemical properties from auxin A, B, and heteroauxin. There 
is no reason why there should not be a great many different auxins 
in nature. 

Mitogenetic radiation can at once be waved aside because su(;h 
radiations, if they actually exist, are associated with living tissues. 
Corn roots killed by mechanical means, by chemical treatments, and 
by heat still retain their growth-promoting ability. Furthermore it 
is difficult to conceive that such rays would be stopped by a narrow 
strip of agar containing norit (fig. 4). 

'l"he definite polarity of the growth factor in the corn root is identical 
with the behavior of auxins of other investigators. It is not probable 
that ordinary minerals or organic substances manifest such behavior. 

In the light of the foregoing discussion the writer is inclined to 
favor the theory that the growth-promoting substances present in 
the corn roots are auxins. 

SUMMARY 

Canned peas induce an excellent growth and reproduction in 
Phytophthora cactorum. When, however, the peas are ashed, and 
the ash is added to a mineral solution plus a pure grade of dextrose, 
the fungus does not grow. But if a pie(*e of root about an inch in 
length is cut from an aseptically sprouting corn grain and transferred 
to this solution, the fungus makes a very good growth and reproduces 
normally. 

The root does not need to remain in the solution for very long. 
Even as short an exposure as 1 minute suffices to endow the solution 
with growth-promoting properties; however, the growth is richer 
with the longer exposures. 

The growth-promoting substances in the root move toward the 
base; consequently only very few auxins are given off* from the 
apical portion even when the root tip is cut off. The amount given 
off from the sound roots is negligible. 

The growth-promoting substances as given off by the cut root are 
unable to induce growth without the essential salts and sugar. 

It is not necessary to have living roots. Crushed or autoclaved 
roots induce excellent growth. Many toxic substances and protein 
precipitants are without effect; X-rays do not exert any harmful 
influence. 

Growth-promoting factors are adsorbed on norit, so that a norit- 
treated solution no longer promotes growth. Sexuality-promoting 
substances, on the other hand, are not adsorbed by nont, so that 
norit- treated auxin solutions promote sexuality just as well as the 
untreated ones. This shows that in addition to growth-promoting 
substances there are sexuality-promoting factors which, apparently 
possess different chemical and physical properties. 
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PHOSPHORUS CONTENT AND BUFFER CAPACITY OF 
PLANT SAP AS RELATED TO THE PHYSIOLOGICAL 
EFFECT OF PHOSPHORUS FERTILIZERS IN FIBROUS 
LOW-MOOR PEAT* 


By J. R. Nbller 2 

Biochemiaij Florida Agricultural Experiment Station 
INTRODUCTION 

Ever since the initiation of systematic fertilizer work upon the 
organic soils of the Everglades, distinctly inimical effects have been 
observed to follow the use of the more soluble forms of phosphorus 
under certain conditions on the growth of a considerable number of 
agricultural plants. In line with this experience, and followinj^ the 
applications of different kinds of phosphatic materials to a series of 
plots ^ on typical ^w-grass peat, a planting of shallu (Andropoaon 
fforghum) resulted in a distinctly retarded growth on those plots that 
had received the more soluble forms, such as the superphosphates. 
Plants on plots that were treated with less soluble mateiials, such as 
finely ground rock phosphate, were entirely normal in appearance, 
however, and much like those to which no phosphorus had been 
ai)plied. 

in an endeavor to ascertain the cause of tliese disturbances in crop 
development a study of the sap of the plant was undertaken. This 
study was extended to embrace a crop of buckwheat {Fagopyrum 
escutentum) grown on the same plots. The growth of this plant was 
normal on plots treated with phosphorus, but particularly abnormal 
where phosphorus was omitted and lime added. The same treatment 
of lime without phosphorus was not detrimental to shallu, however. 
Corresponding leaf-sap studies of sugarcane {Saccharum qfficinarum)^ 
of rape (Brassica napus), and of com {Zea mayn), grown on similarly 
treated plots, are also included. 


MATERIALS AND METHODS 


For the most part leaves only were selected for the sap extractions 
but in the case of buckwheat and sugarcane, stem saps also were ob- 
tained. Samples were always taken between 8 and 9 a. m., and, 
when leaves were used, they were removed from the same portions of 
the plants to insure as much uniformity as possible in the sampling 
procedure. Thus the leaf growing below the last upper well-detined 
stem internode was selected in the case of the shallu, corn, and sugar- 
cane. The entire buckwheat plant was taken and the leaves were 
stripped for one sample while the stems were used for another, alter 
discarding the leaf petioles. Samples, usually consisting of about 
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100 leaves or stems, were obtained from the central portions of the 
plots to avoid border effects. 

The green plant material was groimd in a burr mill and immediately 
subjected to a pressure of 16,000 pounds per square inch in a steel 
receptacle. The sap so obtained was centrifuged and portions were 
used for electrometric titration. When the pH only of the sap was 
desired a quinhydrone electrode was used. For the establishment of 
the buffer curves a hydrogen electrode was employed, using 15 ml of 
the sap and N /5 solutions. Conductivity measurements were made 
in an Ostwald cell with a Wheatstone bridge and alternating-current 
galvanometer hook-up. Sap solids were determined with an Abbe 
refractometer as applied by Gortner and Hoffman {6).* The prep- 
aration of sap samples, outlined above, was carried through as rapidly 
as possible and all reaction measurements were completed within 2 
to 3 hours after the sample had been collected. The remainder of 
of the sap was stored in flasks with toluene added as a preservative. 

Total phosphorus was determined by evaporating and igniting 
5 ml of the sap with magnesium nitrate for the colorimetric molyb- 
denum blue method, amino-naphtol sulphonic acid being used for the 
reducing agent, as recommended by Fiske and Subbarow (5) and 
Parker and Fudge (9). Inorganic phosphonis was determined colori- 
metrically in sap clarified by the method suggested by Emmert (4) 
for crushed plant tissue. It was found nccessaiy not only to prepare 
the decolorizing carbon (Norit) by leaching out traces ol phosphoric 
acid with 1 percent 112804 by volume, but also to wasli the precipitate 
with the diluted acid in order to make sure that there was no occlusion 
of phosphorus. 

The plots, 18 by 100 feet in size, from which the samples used in 
this work were obtained, were laid out as a duplicate series for 16 
different treatments of wtiich 11 are included in this study. In the 
course of the experiments several different crops were growmg at tlic 
same time, each planting consisting of a definite number of the 18- 
foot rows running across each of the 32 plots. The soil is typical of 
the brown fibrous peat of the Everglades, which, with cultivation, 
breaks doAvn into a very dark-brown to black, finegrained, fibrous 
state. In this locality it is about 7 feet deep and lies directly upon 
porous limerock with local pockets of marl. The reaction of tliis soil, 
undisturbed by burning, ranges between pH 5.6 and 6.0. 

The basic fertilizer mixture used in these treatments was a 6-12 -12 
(N-P-K) combination in wliich the nitrogen, calculated as N, was 
derived equally from NaNO,, and (NH4)2S04. The phosphorus 
sources are recorded below, while the potassium (K2O) is derived from 
the sulphate salt. The appheations were at the rate of 1,200 pounds 
per acre, except where colloidal phosphate and rock phosphate were 
used. In these instances 2 and 4 times the amount of phosphorus 
(PaOs) were added, respectively. Applications were made to these 

E lots on this basis in March 1929, March 1930, April 1931, and Septem- 
er 1932. A general treatment with copper, manganese, and zinc in 
the form of their sulphates at the rate of 50, 50, and 12% pounds per 
acre, respectively, w^ used upon all plots in accordance with the 
earlier findings of Allison et al. (1). These were included in the first 


< Reference is made by number (italic) to Literature (Mted, p. 300. 
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application only. The treatments made upon the plots included in 
this study are as follows: 

Plot no. Treatment 

1 Check (Cu+Mn+Zn, only, as in all others). 

2 K (from sulphate of potash). 

3 N+K (from (NH 4 ) 2 S 04 and NaNOa). 

4 N+P+K (16-percent superphosphate). 

5 N-fP+K (45-percent superphosphate). 

6 N + 4P -f K (raw rock phosphate) . 

8 N 4 2P-i-K (colloidal phosphate). 

9 Check (Cu + Mn + Zn, only, as in all others) . 

13 N+K+lime. 

15 N+P4-K4-lime (16-perccnt superphosphate). 

16 N4-P+K+S (16-percent superphosphate). 

Aside from the materials regularly used in the fertilizer mixture, 
lime was added at the rate of 2,000 pounds per acre; colloidal phos- 
phate at 1,090 pounds; raw rock phosphate, finely g:round, at 2,400 
pounds; and sulphur at 300 pounds per acre, respectively. The first 
three of these materials were applied broadcast, while sulphur was 
incorporated in the fertilizer mixturCi, drilled in the row with it and 
worked in. Seven crops had been removed from these plots previous 
to those under discussion in this paper. 

EXPERIMENTAL DATA 

RESULTS WITH SHALLU 

111 the growth of a crop of shallu planted October 8, 1931 , a marked 
physiological disturbance was observed on plots 4 and 5, and especially 
on plot 16. The fii’st cutting was made on January 14, 1932. This 
injury consisted of a general stunting of the plants, accompanied by 
a chlorotic appearance and the inability to tassel and produce seed 

. V . . 

Since the trouble appeared to be associated with the application of 
soluble phosphates, leaf samples were obtained from plants on plots 
that represented the various phosphatic treatments. Table 1 gives 
the results obtained from these samples which were taken on March 19 
when the seeds of the plants were in the milk stage. The data show 
that, whereas there was a moderate increase over the check in sap 
phosphorus in the leaves from the colloidal phosphate treatment of 
plot 8, there was a considerably greater increase for the 16-percent 
superphosphate treatment of plot 4. The amount of phosphorus in 
the leaf sap of plants from plot 16, to wliich sulphur was added, was 
still greater. In contrast, the content of phosphorus in the sap of 
leaves of shallu plants from the lime plus phosphate plot 15 was but 
little liigher than that from the check plot 2 receiving potash but no 
phosphate. Characteristics of the saps of plants upon plot 1 must be 
considered in a special way in this and in subsequent treatmei^s 
because the lack of potassium in the fertilizer caused the crops to be 

almost complete failures upon these checks. 

Since the increase in total acidity tended to follow that of tM total 
phosphorus (table 1), and since the pH values were but little affected, 
It woidd seem that the phosphorus taken up by the exertmg 

a strong buffering action. Wliere Ime was added wth the soluble 
phosphate on plot 15 both growth injury and sap phosphorus were 
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Table 1 . — Active and potential acidities and total phosphorus concentrations of leaf 
saps of shallu from plots upon which different fertilizer treatments were used. 
Mar, 19, 1932 


plT 

Acidity 1 

Total 

PiO, 

Plot no. 

pH 

Acidity * 

'rotftl 

P20fi 


Cc 

P. c. m. 



Cc 

P.p m. 

.'5.80 

2 55 

1,969 

8 

5. 87 

2.25 

2, 114 

5 H9 

1 85 

1, 713 

15. 

5.54 

2.40 

2, 053 

5.71 



2.75 

2,457 

16 

5.59 

5.20 

6, 471 


» Acidity valuers are cul)ic centimeters of N/10 NaOH per 6 cc of sap. 

reduced. Wliere the lime was replaced by sulphur in plot 10, plant 
growth was most seriously retarded. A correlation was particularly 
evident between growth injiiiy and soluble phosphorus in tliis instance. 



FiauBE 1. — Shallu at the March 19 sampling: A, growth on plot 5 was decidedly retarded because of the 
inclusion of soluble phosphate in the fertilizer mixture; By phosphorus was omitted for plot 2, where 
entirely normal growth was obtained. 

The subsequent growth of the second ratoon crop of shallu exhibited 
appreciably less injury. Leaf samples taken on June 1 at the same 
stage of growth as those of the previous sampling on March 19 again 
contained more sap phosphorus when soluble phosphates had been 
applied as on plots 4 and 16. For plants from plot 4 the amounts were 
(tables 1 and 2) 2,457 and 2,728 p. p. m. as P^Os and for plot 16 they 
were 6,471 and 3,824 p. p. m., respectively, for the crops of March 19 
and of June 1. Figure 2 shows that almost all of the sap phosphorus 
was inorganic in nature and that it varied with total aciduy. The pH 
values were practically constant for all of the treatments. 
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Table 2# Hydrogen ion concentration, acidity, phosphorus, soluble solids, and 
conductivity of the expressed leaf saps of corn, shallu, and sugarcane from plots 
upon which different fertilizer treatments were used, June 1 to 6, t9S2 


Crop and plot no • - 

pH 

Acidity 1 

Total 

P3()6 

Inorganic 

PaO, 

Soluble 

solids 

Conduc- 
tivity 2 

Shallu 


Cc 

P p. m 

P p in. 

Percent 

Afhon 

1 - - 

. . - 6 37 

2 50 

2, 697 

2, m 

10.63 

228 

2. . . . 

— 6 r»7 

2 36 

2, 161 

1,961 

9. 43 

218 

4. _ 

. . 6 69 

3 (M) 

2,728 

2, 532 

10 13 

238 

6 . , 

6.65 

3 20 

3. 109 

3,290 

10 83 

235 

h . - 

6. 58 

2 70 

2, 557 

2, 632 

12. m 

239 

8 

. - . 6 53 

2 20 

2, 113 

2, 647 


235 

16 . . . .... 

. . 6 fM) 

2 36 

2, 067 

2, 158 

9. 43 

230 

1« . ... 

5 55 

3. 50 

3, 821 

3, 871 

9. 33 

221 

Corn- 







1 

6 03 

2. 50 

986 

1,013 

10 53 

2.66 

2. . . . ... 

6 34 

3 36 

938 

880 

9 43 

253 

4. . 

6 61 

6 60 

1,882 

1,795 

11 33 

268 

♦» ... 

5 73 

2 IM) 

2,325 

2,300 

11 93 

240 

16 . 

6 69 

3 10 

1..6.68 

1,.635 

9 53 

215 

KL 

6 61 

4 86 

2, 770 

2,557 i 

9 33 

234 

Sugarcane* 









6 37 

1 76 

1,357 

1. 119 

6 63 

247 

2. . . . 

- . . 6 15 

1.40 

1, 168 

1,227 

6. 43 

259 

4 

6 29 

2 46 

2,368 

2, 372 

5.45 

309 

« ... 

. . 6 58 

1.36 

1..6(K) 

1,465 

6 33 

301 

16 

. .. 5 64 

1.60 

1,5^8 

1,651 

6 35 

287 

Ifi 

. - 6 61 

2. 30 

2,344 

2, 520 

6 23 

297 


> AcldUy values are cubic (*etitimeters of N/10 NiiOH per 6 cc of sap. 
^ Conductivity values efiual reciprocal ohms X at 28® (3. 
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Figure 2 — Total phosphorus, inorganic phosphorus, total acidity, and pH values of leaf saps of shallu 
harvested from variously tested plots June 1. The soil treatments are given in the tabulation on 
page 289 

The third ratoon crop of the shallu was reinoved September 20. 
No physiological disturbances were in evidence in the growth of this 
crop, but the appearance of a leaf-spot disepe at the tasseling 
stage prohibited a definite comparative study of the leaf saps. The 
phosphorus content of the saps was about the same for all the plots 
(table 3) and was about as high as that of the harvest ()f March 19 
when growth was so seriously retarded. This point will be discussed 
later. 

RESULTS WITH BUCKWHEAT 

A reapplication of fertilizers was made on the plots under s^d.y 
and a crop of buckwheat was planted November 25. Instead of 
exhibiting injury on plots 4, 5, and 16 where the soluble phosphorus 
had been added, as was the case with shallu, buckwheat showed a 
slightly improved growth. Moreover the growth on plot 13 with 
lime, but without phosphorus, was almost a complete failure. 
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Table 3. — Leaf-aap analyses of shallu from plots upon which different fertilizer 
treatments were used, September 20 ^ 1932 


Plot no.— 

pH 

Acidity » 

Total 

PaOj 

Soluble 

solids 

Amount 
expressed * 

Conduc- 
tivity 3 

Total dry 
matter 



f’c 

P r w. 

Percent 

Percent 

Alhoit. 

Percent 

1 

.5 55 

2 00 

1,990 

9. 1 

37.1 

126 

26.80 

2 

5 10 

2.50 

2,048 

8 7 

26 4 

136 

34. 73 

4 

5.80 

2 40 

2,335 

12.0 

34.4 

129 

30 47 

8. 

5. Ml 

1 70 

2.32<1 

11.3 

27.6 

132 

31. 06 

15 

5. 87 

1. 75 

2,128 

12.8 

31 8 

120 

32. 47 

16 - 

5 83 

3.60 


13 6 

34.8 

136 

31 53 


> Acidity values are cubic centi*neters of N/IO NaOII per 5 (*c of sap 
* Amount expressed tier weight of green material 
3 (Conductivity values equal reciprocal ohms X 10-< at 28® C. 

Since the physiological reaction of buckwheat to tliese treatinents 
was in striking contrast to that of the preceding crop of shallu, similar 
sap studies were made with this crop. Tlie data for leaf saps, as 
shown in table 4, indicate that the changes in total phosphorus, 
total acidity, and inorganic phosphorus tend to parallel one another 
and show marked increases for the plants from the soluble-phosphate 
plots. Leaf sap from the plants of the limed plot 13, which received 
no phosphate treatment, was the lowest in phosphorus and was also 
very low in total acidity. This would seem to indicate that the 
poor growth on this plot might be due, in part at least, to a lack of 
phosphorus. A manganese deficiency may have developed also. 
In this connection it is to be observed that the sa])s of the buckwheat 
leaves from nonphosphate plots (table 4) were much lower in phos- 
phate than the leaf saps of sliallu fi*om the same plots. This contrast 
IS not in evidence, however, in saps from the ydants of the phosphate- 
treated plots. 

The pH values of the leaf saps of buckwheat (table 4) did not 
vary appreciably in passing from the nonphosphate to the phospljate 
plots. Electrometric titrations of these saps were carried sufficiently 
far to construct the titration curves shown in figure 3, ri. The sap 
of leaves from phosphate-treated plot 5 was bufl’ered considerably 
more than that of leaves from the nonphosphate plot 2 between the 
pH range of 5.5 and 11.0. 

Table 4. — Leaf^ and siem^sap analyses of buckwheat from plots upon which 
different fertilizer treatments were used^ Jan, 11, 1933 


Sap and plot no. 

pH 

Acidity * 


Inorganic 

P20fi 

Conduc- 
tivity ^ 

Total dry 
matter 

I/eaf saps: 


Cc 

P.p.m. 

P. p, m 

Mhos 

Percent 

2 - 

6.52 

1.0 

528 

100 

16. 37 

3 

5.54 

,5 

791 



13.27 

4_ 1 

6.62 

2.1 

2,396 

1,807 


13. 97 

6 

5.55 

2.0 

2,170 

1,929 

92 

14.60 

6 

5.89 

1.1 

925 

984 


14.29 

13 

5 85 

.6 

502 



14. 62 

15 

6.71 

.9 

1,374 

1, 310 


15.62 

16 

5.60 

1.3 

2, 182 

2,041 


14. 14 

Stem saps: 

2 

4.80 

2.0 

545 

548 

137 

15.60 

3 

4.70 

1.3 

563 

534 


13.81 

4 

4.76 

2.7 

3,097 

2,930 


14. 21 

6 ._ 

4.80 

2.4 

3,309 

3,604 

149 

14.20 

6 

4.92 

2.0 

1, 760 



13 

4.76 

.9 

600 

580 


14.93 

15 

5.02 

2. 1 

2,544 

2,694 


16. 17 

16 

4.78 

2.9 

3, 275 

3, 478 


15!27 


1 values are cubic centimeter of N/IO NaOH per 5 cc of sap. 

* Conductivity values equal reciprocal ohms X lO-* at 28® C. 
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A somewhat similar variation in buffer capacity is in evidence for 
the saps of the stems from both plots 2 and 5 (tig. 3, 5). The initial 
hydrogen-ion concentrations of these saps were distinctly higher 
than those from the leaves (fig. 3, A), however, and they were also 
more strongly buffered in the lower hydrogen-ion con(‘,entration 
ranges. The buffer 
capacities of the saps // ' 

in the higher hydro- f 

gen -ion concentra- / 

tions were about the ^ 

same for both leaf A / 

and stem. / > 

The total phos- ^ yy/- 

p horns content of // 

the stem saps was V 

found to be greater 

than that of the 
leaves, the minimum 

and maximum values S — 

being, for the stern 

saps, 545 and 3,309 . ^ 

]). p. m., and for the ^ ^ ^ ^ — 

leaf saps, 528 and n yos 

2,395 p. p. m, (table 
4). For both leaves 

and stems the total yy 

acidities and inor- 
ganic phosphates 
tend to vary rather s - 

closely with the cor- 
responding con tent 

of total phosphat<‘. - 

Saps of buckwheat 
plants from the sol- 
uble-phosphate plots 

were about as high 
in phosphorus as 
those of the shallu 
from the same plots. ^ 


BUCKWHEAT VERSUS 

SHALLU ^ ^ ^ ^ 

Following buck- ((Xj 

wheat the plots figure 3 - Titration curves of 15 ml of leaf saj) (A ) and stem sap (B) 
WPrP f n of buckwheat plants. January 11, 1933 Plot 2 (a) received /ufphate 

were pian^u ro peas, potash only and plot 5 (ft) received nitrates, sulphate of potash, 
after which shallu and 46 -percent superphosphate. 

was again seeded on 

April 28, 1933. Characteristic growth disturbances on the soluble 
phosphate plots 4, 6, and 16 were again noted, except that they 
were not as severe as those of the March 19, 1932, harvest, dis- 
cussed above. Titration curves of leaf saps of plants from plots 
2 and 5 (fig. 4, A) show that the sap of plants from the nonphos- 
phate plot 2 was naturally well buffered and that the addition of 




294 


Journal oj AgricvUural Research 


Vol. 81, no. 4 


soluble phosphorus on plot 5 increased the buffer effect within 
the range pH 5.0 to above 9. 

Figure 4, B, shows that the buffer capacitj^ of buckwheat leaf 
sap is much less than that of shallu. Comparison of figures 3, A, 
and 4, A, further indicates that the addition of a soluble, phosphate 
to plot 5 increased the buffer capacity of buckwheat and shallu leaf 
saps to about the same degree. The total phosphorus in the saps 
of the shallu leaves was 1,664 and 3,498 p. p. m. (table 5), respectively, 
for plots 2 and 5. Values from the same plots for the leaf saps of 
the previous buckwheat crop were 528 and 2,170, respectively (table 
4). Further discussion of these points will bo taken up in a later 
section. 


Table 5. — Leaf-sap analyses of shallu from plots upon which different fertilizer 
treatments were used, July 5, 103S 


Plot 

uo 

1 

1 

pH 

Acid- 
ity 1 

Total 

PaOs 

Conduc- 
tivity a 

Total 

dry 

matter 

1 

IMot 

no 

pH 

Acid- 
ity * 

'Potal 

PaOj 

Conduc- 
tivity ^ 

Total 

dry 

matter 

2 

5. 05 

Cc 

1.60 

P p m. 
1,664 
1,041 
2,222 

Mhos. 

140 

Percent 

28.88 

5 

4.98 

(c 

2. 70 

P p m. 
3, 498 
1,266 

Mhos. 

136 

Percent 
26. 4^^ 

3 

5. 36 

1.36 

130 

24.84 

13 

6.40 

1.30 

160 

27.59 

4 

5.59 

2.00 

120 

22.25 

16 

6. 10 

2. 36 

3,489 

131 

21.86 


1 Acidity values are cubic (jentimeter of N/10 NaOH per 5 cc of sup. 

2 Conductivity values equal reciprocal ohms X at 28° C, 


RESULTS WITH SUGARCANE 

Sugarcane of the variety P. O. J. 2725 was planted in April 1931, 
on plots receiving the treatments outlined above. Table 2 gives the 
leaf-sap analysis for the sampling made Juno 1, while table 6 gives 
analyses for the sampling of August 29 from the same crop. It is to 
be noted that the sap phosphorus was largely inorganic in nature and 
that it was considerably higher in leaves from the soluble-phosphate 
plots 4 and 16. Total acidity values tend to follow those of total 
phosphorus but do not show a general increase corresponding to the 
increase in phosphorus in the sap of the more mature leaves of the 
sampling of August 29. Growth disturbances wore distinctly in 
evidence on plot 16 and to a lesser extent on plot 4. 


Table 6. — Leaf- and stem-sap analyses of sugarcane, P. O, J. from plots 

upon which different fertilizer treatments were used, Aug, £9, 19Sl^ 


Sap and plot no. 

pH 

Acidity* 

Total 

P 2 O, 

Soluble 

solids 

.. 1 

Soluble 
solids per 
100 g tissue 

Conduc- 
tivity > 

Total dry 
matter 

Leaves: 


Cc 

P. p. m. 1 

Percent 

Cc 

Mhos 

Percent 

1 

5.60 

1,76 

3,670 

6.16 

65.3 

178 

28.56 

2 

6.47 

1.60 

3,100 

6. 74 

55.8 

178 

27.92 

4 

5.48 

2.46 

4,651 

6.16 

68.7 

177 

26.00 

6 -.- 

5. 72 

2.70 

3,947 

6.14 

65.5 

182 

28.24 

15 

6.46 

1.75 

3,658 

6.44 

51.2 

176 

27.96 

16 

Stems: 

5.48 

2.95 

5,608 

6.24 

63.5 

180 

25.12 

1 

6.56 

.70 

320 

9.14 

83.0 

48 

1&04 

2 

5.96 

.20 

465 

9.74 

82.0 

47 

laso 

4 

6.79 

.70 

1,325 

8.74 

80.8 

53 

17.20 

6 

6.09 

.40 

474 

8.74 

81.3 

62 

17.11 

15 

5.95 

.20 

778 

10.04 

83.5 

48 

17.70 

16 

5.54 

.90 

1,633 

9.54 

81.5 

64 

17.76 


1 values are cubic centimeters of N/IO NaOH per cc of sap. 
» Conductivity vidues equ^ reciprocal ohms X at 28° C. 
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It is of interest to note that while the stem sap of this variety of 
sugarcane was found to be much lower in phosphates and in total 
acidity than that of the leaf (table 6), treatment with soluble phos- 
phates caused a striking increase in these two factors. This marked 
effect of soil treatment with soluble phosphates upon the concentra- 
tion of this element in the stem saps of sugarcane was repeatedly ob- 
served in other exper- 
iments dealing with 
milling quality. 


RESULTS WITH CORN 





On February 2, 

1 932, corn was 
planted on the entire 
plot series involving 
the p h o s p h a t e 
sources . Analytical 
results for leaf sam- 
ples taken June 4 are 
recorded in table 2^. 

CJorn differed from 
the other crops stud- 
ied in that it took up 
phosphorus about 
equally well whether 
this material was 
applied in the soluble 
superphosphate form 
as in plot 4, or as 
finely ground law 
rock phosphate as in 
plot 6. Lime again 
depressed the plios- 
phorus content of the 
sap of the plant (plot 

15) , while sulphur 
increased it (plot 

16) . Results with 
corn were similar to 
those with buck- 
wheat in that the 
absence of a phos- 
phatic fertilizer (plot 
2) caused a marked 
reduction in sap phos- 
phorus. Com grew well on plot 13 to which lini© Q-i^d potash but no 
phosphorus was added, under which conditions buckwheat failed 
almost completely. 

RESUI..TS WITH RAPE 


FiovRE 4. — Titration curves of i6 ml of leaf sap from shallu (A) and 
from buckwheat (J3). Plot 2 (a) received sulphate of potash only 
and plot 5 (b) received nitrates, sulphate of jwtash, and 45 percent 
superphosphate. 


Rape was planted on the entire plot series on December 18, J932. 
Marked response to phosphate was shown early in the growth of this 
plant as recorded in figure 5. Unfortunately bufler-curve data were 
not obtained but the comparative pH, acidity, and phosphate values 
for the leaf saps (table 7) indicate that they were in marked contrast 
with one another, possibly more so than for any of the other crops. 
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Fiourb 5.— Growth of rape, December 28, on plots all of which received nitrates and potash with the 
phosphate source varied as shown on page 289: Plot 3; B, plot 4; C, plot 13; D, plot 16; E, plot 16. 
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Table 1.— Leaf-sap analyses of rape from plots upon which different fertilizer 
treatments were used, Dec, ^3y 1932 


Plot 

no. 

pH 

Acid- 
ity 1 

Total 

PjOj 

Conduc- 
tivity a 

Total 

dry 

matter 

Plot 

no 

pH 

Acid- 
ity 1 

Cc 

0.25 

.70 

1.00 

Total 

P2O3 

Conduc- 
tivity * 

Total 

dry 

matter 

1 

6.37 

6.40 

6.00 

6.39 

Cc 

0.66 

.60 

.75 

.60 

P,p m 
346 
386 
1.061 
660 

Mhm 

106 

142 

1.^5 

133 

Percent 

10.82 

11.15 

6.99 

9.14 

13 - 

18 

6.61 
6. 17 
6.07 

Ppm. 

370 

764 

2,214 

Mhos 

138 

125 

135 

Percent 
9. 82 
9.01 
9,13 

3 

4 

16 

rt 




1 Acidity values are cubic oeutimeiers of N/iO NaOH per 5 cc of sap. 
* Conductivity values equal reciprocal ohms X at 28® C. 


Table 7 shows that the content of phosphorus was low in the sap of 
rape plants grown under the nonphosphate plots 3 and 13, and that it 
was from 5 to 6 times greater in those of the phosphate plots 4 aiui IG. 
Increases in plant growth in response to soil treatment with phosphate 
materials also were striking (fig. 5), The effect of lime was very 
marked in depressing the phosphate con(‘entration of soluble phos- 
phorus in the sap of the plants (table 7), and caused a near failure of 
growth on plot 13 which received lime alone without phosphorus 
treatment of any kind. 

SOLUBLE PHOSPHORUS IN PLANTS VERSUS THE PHYSIOLOGICAL EFFEf^TS OF 
PHOSPHATE ADDITIONS 

Since the growth of shall u and, to a lesser extent, of corn and sugar- 
cane was adversely affected by the application of soluble phosphates 
whereas buckwheat and ra])e were distinctly favored by the same 
treatments, it is of interest to compare certain characteristics of the 
saps of these plants in an effort to develop some reasonable explana- 
tion for the observed differences in response. Perhaps the outstanding 
sap variation in this connection is that of phosphorus content, and, for 
purposes of comparison, these values are grouped in table 8. As 
might be expected, the leaves of shallu, corn, and sugarcane, being 
less succulent than those of rape and buckwheat, have a higher con- 
tent of soluble phosphorus. In a similar comparison of plants from 
plots 2 and 4, untreated and treated with superphoshate, respec- 
tively, it is seen that the content of sap phosphorus in the rape and 
buckwheat was increased nearly 400 percent, whereas in the shallu, 
corn and sugarcane the increase averaged less than 50 percent (fig. 6). 


Table 8 . — Sap phosphorus concenttation of the leaves and stems of various crops 
grown on plots fertilized in the same way for each crop 


Plot no. 

Shallu 

Com, 

1 June 1, 
leaves 

1 Sugarcane 

Rape, 
Dec. 23, 
leaves 

Buckwheat 

June 1. 
leaves 

Sept. 

20, 

leaves 

June 1, 
leaves 

Aug. 29 

Jan. 11 

Leaves 

1 Stems 

Leaves 

Stems 

2 

P, p. m. 
2,151 
2,728 
2,667 
2,067 
3,824 

P. p, m. 
2,048 
2,336 

P. p. w. 
938 
1,882 
2,326 
1,659 
2,770 

! P.p.m, 
1, 158 
2,358 
1,500 
1,588 
2,344 

P. p. m. 
3,100 
4,651 
3,947 
3,668 
5,608 

P. p. m. 
465 
1,325 
474 
778 
1,633 

P. p. Ttt. 

385 

1 1,961 

560 
764 
2, 214 

P.p.m 

528 

2,396 

925 

1,374 

2,182 

P. p. w, 
545 
3,097 
1,750 
2,544 
3,276 

4 

6 

15 


16 
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It is also to be observed (fig. 6) that phosphorus con(‘.eiitratious run 
highest in shallu, the crop most sensitive to an oversupply of phos- 
phorus, while the less sensitive crops, corn and sugarcane, come 
next in order in this respect. Rape and buckwheat showed the great- 
est phosphorus responses and had the greatest increases in the phos- 
phorus of the expressed saps. The graphs for all crops are closest 
together in soluble phosphate for plots 4 and IG, where not only the 
“best growth response was obtained in some but most serious injury 
occurred in others. From these results it would seem that different 
plant species may require approximately the same concentration of 
soluble phosphorus in their saps and that the optimum concentra- 
tion is also rather near the point of physiological disturbance. 
Thus, rape and buckwheat inight also be adversely affected by 
this relation in case they assimflated too much phosphorus, a con- 
dition that might arise in a more acid soil. 


SOLUBLE ICONCENTRATIONS OF 
PHOSPHORUS IN PLANTS VERSUS 
SPECIFIC CONDUCTIVITIES AND 
TOTAL SOLIDS OF THEIR SAPS 

As recorded in tables 2 to 7, 
analyses of the fresh saps of the 
crops discussed above also em- 
braced determinations of their 
specific conductivities. Inspec- 
tion of these data fails to show 
any particular relation to phos- 
phate content. Tliis is probably 
due not only to the contributory 
influences of other ions, such as 
Cl, Na, K, Ca, and SO4, but also 
to the comparatively low degree 
of ionization of organic and 
phosphoric acid radicals. 

For a given series of samples the total soluble solids of the saps 
(tables 2, 3, and 6) varied somewhat but only in an irregular manner. 
While certain consistent variations occurred as between different 
kinds of plants and between leaves and stems of the same plants it 
does not appear that these variations bear any significant relation to 
the physiological problems under discussion. 



Figure 6.— Phosphorus concentration in the leaf saps 
of shallu June 1; sugarcane June 1; corn June 1; 
buckwheat January 11; and rape December 23. All 
plots received potash and all received nitrogen except 
plot 2. The phosphate source varied as shown in the 
tabulation on page 289. 


DISCUSSION 

The assimilation of phosphorus tended to increase very apprecia- 
bly the total but not the active acidity of the plant saps studied. The 
buffer capacities of plant saps and the corresponding influence of 
phosphates have been dealt with from many angles and are reported 
m a literature much too extensive to be reviewed here. An excellent 
review of this subject is included in a recent paper by Hurd-Karrer 
(S). Considering the necessity for ample amounts of phosphorus 
for plant ^wth, it is fortunate that phosphate solutions are so well 
buffered, ance only slight changes in pH are possible without causing 
physiologic^ disturbances. In the present mstance, in fact, injury 
occurred without much change in pH, but rather in the presence of 
large increases in total acidity and soluble phosphorus. It is signif- 
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iccmt to not6 that almost all of tho sap phosphorus was inorganic as 
characterized by the presence of the phosphate radical. ' 

As many investigators have pointed out, some plants are able to 
obtain a sufficient amount of phosphorus for optimum growth from 
a medium in which other varieties would find insufficient amounts of 
that element. Under the conditions of the present experiments 
shaJlu, corn, and sugarcane are in the first group, since they did not 
respond to soil treatments with phosphatic materials of any kind, 
while rape and buckwheat belong to the second group. It is also of 
interest that the added phosphate caused rape to have a larger growth 
increase and a considerably greater concentration of phosphorus in 
the sap than* was observed for any of the other crops of this study. 
Alway, Shaw, and Methley (S) found that increase in the phosphorus 
content of rape due to fertilization with this element was greater than 
occurred in any of various crops grown in Minnesota peat soU. Hall 
(7) has reported that the rutabaga, which belongs to the same genus 
(Brassica) as rape, is a sensitive indicator crop for the need of phos- 
phorus in English soils. 

The concentration of phosphorus in the plant saps of the first group, 
mentioned above, tended to run much higher than in those of the 
second group when comparisons are made upon plant materials taken 
from plots to which ])hosphorus had not been added in any form. 
Since phosphorus concentrations inthesajisof liothgroups tended to ap- 
])roach each other in the presen<*.e of available soil phosphate, it would 
ap})oar that the optimum concentration for growth is approximately 
the same for all jfiants studied. And, since some of the crops, such 
as shallii, were retarded in growth in the presence of certain of the 
more soluble phosphate earners, it would also seem that the point of 
toxic concentration of tliis element, when assimilated into the plant, is 
not far above that of the optimum for normal plant development. 

It is perhaps prcmatui*e to suggest that the presence of liigh con- 
centrations of soluble inorganic phosphorus in the saps of these plants 
was entirely responsible for the growth disturbances under discussion. 
Almost all of the vast amount of literature relative to phosphate 
fertilizers mention either a j)ositive plant response or none at all. 
Alway, McMiller, and Rost {2) found, however, that the addition of 
])hosphate alone to a certain type of peat soil resulted not only in no 
benefit to the growth of any of the crops studied, but actually brought 
about decreases in the case of corn, flax, and sunflowers. However, 
phosphate combined with potash increased the yields more than 
potash alone. It is significant to note that this depressing effect of 
phosphorus, referred to by AJway, occurred in a peat soil but of a 
type quite different from that under consideration in this paper. 
Shive (10) also reports a condition of malnutrition in which mono- 
basic phosphates were, under certain conditions, toxic to soybeans 
grown in either soil or solution cultures. . 

The physiological disturbances that were observed in certain of the 
plants used in these studies appeared to be more severe at some 
periods than at others. Thus shallu grew more normally at certain 
seasons when its sap contained as much soluble phosphorus as was 
found at other times when more serious injury developed. It is 
thought possible that this inimical effect of soluble forms of phos- 
phorus may be moi’e or less associated with rainfall and soil-moisture 
conditions. Relations of this type are under observation, and work 
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is being continued on the phosphorus response of plants growing in 
organic soils. 

SUMMARY 

Fresh-sap studies were made of the leaves, and in some cases of 
the stems, of five different plants growing under field conditions on 
the characteristic brown fibrous peat of the Everglades. The plots 
were fertilized in a svstematic manner, the most important vanable 
being the carrier of the phosphorus. 

The total soluble phosphorus of the saps of these plants was much 
increased by soil dressings with soluble phosphates. lime acted to 
reduce and sulphur to increase the assimilation of phosphorus in all 
plants studied. Total acidity and the total amount of inorganic 
phosphorus tended to vary directly with the concentration of soluble 
phosphorus in the sap. Active acidity of the plant sap, expressed as 
pH values, changed inappreciably as a result of different phosphatic 
treatments, whereas the buffer capacities were much greater in the 
saps of high phosphorus content. Neither the specific conductivities 
nor the total soluble solids of the saps appeared to have any definite 
relation either to phosphorus concentration or to physiological injury. 

The crops that responded unfavorablv, if at all, to phosphorus were 
those of which the saps were relatively high in phosphorus in the 
absence of soil treatment with a phosphate carrier. Those that 
responded favorably, on the other hand, contained sap relatively low 
in phosphorus. 
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COMPOSITION OF THE LEAVES AND STALKS OP BAR- 
LEY AT SUCCESSIVE STAGES OP GROWTH, WITH SPE- 
CIAL REFERENCE TO THE FORMATION OP LIGNIN^ 


By Max Phillips, senior chemist, and M. J. Goss, associate chemist, Chemical 
and Technological Research, Bureau of Chemistry and Soils, United States 
Department of Agriculture ^ 


INTRODUCTION 

In two previous publications (5, 27 f from the Bureau of Chemistry 
and Soils, results were presented on the lignin, methoxyl, cellulose, 
ash, and silica content of the leaves and stalks of lodged and unlodged 
wheat plants harvested at various stages of growth. The results 
indicated that the ]>ercentage of lignin increased with the age of the 
plant and that the stalks of the lodged plants in every case contained 
a liigher percentage of lignin than the stalks of the unlodged plants. 
Because of the general interest in tlie chemistiy of lignin from annual 
plants, particularly from cereal plants, it seemed advisable to make a 
more extensive study of the formation of lignin by the plant and to 
determine, if possible, its interrelationship with other plant compo- 
nents. An ojiportunity for making such a study was presented 
when Merritt N. Po])e, of the Bureau of Plant Industry, placed at 
the writers’ disposal samples of barley plants harvested daily from 
the time the plants emerged until maturity. The. samples selected 
for analysis represented for the most part weekly intervals in the 
development of the plant. At certain stages in the growth of the 
plant, samples were taken at more frequent intervals. 

The present paper deals with a study of the composition of the 
leaves and stalks of barley at successive stages of growth. Inasmuch 
as the primary interest in this investigation was the development of 
lignin in the plant, it seemed best to confinp the study to an examina- 
tion of the several components of the stalk and leaves. 


REVIEW OF LITERATURE 


I^awes and Gilbej’t {17) in 1884 analyzed samples of wheat plants 
taken at different stages of development. They determined the 
percentages of dry matter, ash, and nitiogen, and found that the 
percentage of ash decreased steadily as the plants grew older. 

Kedzie (14) in 1893 reported that the higher the percen^ge of 
crude protein of wheat straw, the lower the percentage of crude fiber 
and the higlier its feed value. As the term crude fiber inclimes a 
heterogeneous group of chemical substances, his results are difficult 
to interpret in terms of definite chemical components. 

Shaw and Wright (32) studied the chemical composition of sun- 
flower and corn plants at different stages of growth. The percentages 
of reducing and nonreducing sugars in the sunflower declined some- 
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what irr^ularly but persistently during the growth of the plant. 
The percentages of reducing and nonreducing sugars in the com 
plant in the early stages of growth were found to vary somewhat, but 
with a marked upward trend. However, a sudden drop occiOTed 
when tiie kernels were maturing. The percentage of total protein of 
the sunflower and corn plants decreased as the plants matured. 

Ver Hulst, Peterson, and Fred (55) found that the actual weight 
as well as the percentage of “pentosans” of the corn plant increased 
as the plant matured. These authors determined the percentage of 
“pentosans” in the convention^ manner, whereby the total furfural 
obtained when the plant material is distilled with 12 percent hydro- 
chloric acid is calculated as percent pentosans. However, uronic 
acids and Cross and Bevan cellulose also yield furfmal when distilled 
with acid, so that the values reported by these investigators include 
several furfural-yielding components calculated as pentosans. 

Beckmann, Llesche, and T.iehmann (5) determined the lignin con- 
tent in the leaves and stalks of the rye plant at different stages of 
growth. Although the method they employed for estimating the 
percentage of lignin is far from satisfactory, their results inmcate 
that the percentage of lignin and the percentage of methoyxl in the 
lignin increased as the plant matured. 

Dustman and Shriver (7) reported on the chemical composition of 
Ambrosia trijida (giant ragweed) harvested at different stages of 
growth. The analytical methods were the conventional ones em- 
ployed in feed-control work. They found that during blooming 
time, the percentages of crude protein and nitrogen-free extract 
were the highest. In the later stages the percentage of crude fiber 
increased. The percentage of pentosan increased as the })lant 
matured. 

Phillips, Davidson, and Weilie {27) determined the percentage of 
lignin, methoxyl, cellulose, methoxyl in the lignin, nitrogen, ash, and 
silica in the leaves and stalks of lodged and unlodged wheat plants 
harvested at various stages of CTowth. Their results indicate that the 
percentages of methoxyl, lignin, cellulose, and silica in the stalks 
increased with the age of the plant, whereas the percentages of total 
nitrogen and ash decreased. The percentages of methoxyl in the 
lignin from the lodged and unlodged stalks increased at first, but 
decreased slightly as the plants matmed. 

Malhotra {18, 19) determined the percentages of moisture, petroleum 
ether extractives, ash, sugar, starch, hemicelluloses, and total nitr(»en 
in hard winter wheat harvested at successive periods of growth. The 
percentage of petroleum ether extractives was at maximum during 
maturity. The percentage of ash was high in the early stages of the 
development of the plant, then decreased. The percentage of sugar 
was at a minimum at the beginning; it increased later and fin^y 
decreased again. The percentage of the hemicelluloses (determined 
by hydrolyzing the plant material with 2.5 percent of hydrochloric 
acid for 4 hours and then determining the reducing sugars formed) 
increased somewhat during the winter months, then rose rapidly in 
the sprmg and finally decreased as the plant matured. Malhotra’s 
results in the hemicellulose content have been criticized by Norman 
(51) on the ground that the analytical method employed is not 
Bx>ecific for this class of substances. The percentage of total nitrogen 
was lower at first, but it increased during the later stages. It is not 
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clear, however, whether the figures represent the percentage of nitro- 
gen in the entire plant or only in the straw. Cellulose, pentosans, 
and lignin were not determined, although these three components 
constitute the largest percentage of the organic matter of the stalks 
particularly at or near maturity. * 

Norman (21) analyzed barley plants at various stages of growth. 
The percentages of ash and crude protein showed an initial increase, 
followed by a steady fall as development proceeded. The percentage 
of Cross and Be van cellulose and the percentage of total furfural 
increased as the plant matured. The percentage of pentose (cal- 
culated as arabinose) was irregular, but was lower in the mature 
plant than in the young plant. The percentage of lignin increased 
steadily until the last two sampling i)eriods, and then decreased, 
presumably because of the increased weight of the grain. Norman's 
figures on the percentage of lignin differ from those recorded in this 

J )aper, cliiefly owing to the fact that different methods were employed 
or the quantitative estimation of lignin. These lignin values will 
be discussed later in this paper, when- a comparison is made between 
the results obtained in this investigation and those recorded by 
Norman. 

There has been considerable speculation concerning the nature of 
the precursors of lignin. Cross and Bevan (4, pp- 177-181), Konig 
and Kump (16, p. 83), and more recently, Fuchs (10, 11) have sug- 
gested that cellulose is the parent substance from which lignin is 
formed. Other investigators, such as Klason (15) and Rassow and 
Zschenderlein (29) have advanced the hypothesis that lignin is formed 
by the plant from pentoses or pentosans. The two investigators 
last mentioned found that plant substances high in lignin were low 
in pentosans, and vice versa. The possibility that soluble carbo- 
hydrates, pentoses, methylpentoses, and hexoses may be used by the 
plant in the formation of lignin has been suggested by Schrauth (31), 
Von Euler (9), and Oden (22), 

Candlin and Schryver (3) have pointed out that lignified tissues 
contain lignin and hemicelluloses in relatively large amounts with 
only traces (if any) of pectins. Nonlignified tissues, on the other 
lian<l, contain relatively large amounts of pectin, small amounts of 
hemicelluloses, and no lignin. They failed, however, to find any 
direct relationship between pectin and lignin, although by the treat- 
ment of pectin with alkali they obtained a product having properties 
similar to those of the hemicelluloses. More recently, Ehrlich (8) 
has put forward the hypothesis that pectin is the precursor of lignin. 
He isolated a fraction from hydropectin which resembled lignin m 
certain respects; it contained inethoxyl to the extent of 11.6 percent, 
and its percentages of carbon and hydrogen were of the same genial 
order oi magnitude as those recorded for lignin. He assumes that 
enzymatic and chemical reactions take place during the developnient 
of the plant to maturity, bringing about the conversion of pectin into 
lignin. 

MATERIAL AND METHODS OF ANALYSIS 

The barley plants (Hordeum distichon pai/aeZ/a, subvariety H^n- 
chen) used in wiis investigation were grown under irrigation at Aber- 
deen, Idaho. The barley seeds were sown on May 9, and the plants 
emerged on May 19. The age of the plants was determined from 

^^S8S*****~38'' — 2 
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the day they emerged. Samples were taken daily between 8 and 
9 a. tn. For this investigation, however, most of the analyses were 
made on samples taken at weekly intervals, although, as previously 
mentioned, samples were taken more frequently at certain stages in the 
development of the plants. The plants were taken up by me roots, 
freed of soil, and air-dried. The roots were cut off, and later, during 
heading time, the heads were also cut off, and both were discarded. 
The stalks and leaves were ground fine enough to pass through a 
60-mesh sieve, and dried in an oven at 100° C. For the determination 
of the percentages of alcohol-benzene, cold and hot water, and 1 
percent of hydrochloric acid extractives, as well as for the determi- 
nation of lignin, plant material ground to pass through an 80-mesh 
sieve was used. The following determinations were made, oven- 
dried plant material being used for each. 

Ash . — This was determined in the usual manner bv igniting a 
weighed sample with a Bunseai burner and weighing the inorganic 
residue. 

Nitrogen . — All nitrogen determinations were made in the usual 
manner by the Kjeldahl-Gunning-Arnold method {!). 

Methoxyl in original plant material . — The percentage rnethoxyl in 
the dried unextracted plant material was determined as described by 
one of the writers in a previous publication {26). The methyl iodide 
was absorbed in pyridine. 

Methoxyl in extracted plant material . — The plant material was suc- 
cessively extracted with a 1 : 2 alcohol-benzene solution, cold water, 
hot water, and a 1-percent hydrochloric acid solution, and the per- 
centage loss in weight due to these extractions was determined. 
This operation removed fatty and waxy substances, water-soluble 
carbohydrates, and proteins, and it also removed any methoxyl 
groups occurring as methyl esters of organic acids, such as, for ex- 
ample, is found in the pectins. The percentage of methoxyl in the 
plant material left after extraction was then determined by the 
method referred to above, and the result was calculated on the basis 
of the original unextracted material. The percentage of methoxyl 
thus obtained represents essentially lignin methoxyl, together witli 
some firmly bound methoxyl occurring in some other components of 
the plant. 

AlcohoUbenzene extractives . — These were determined by extra(*.ting 
a weighted sample in a Soxhlet extractor for 30 hours with a 1 : 2 
alcohol-benzene solution, and ascertaining the loss of weight. 

Cold-water extractives . — To a weighed sample of the dry material 
which had been extracted with alcohol-benzene solution as described 
above, distUled water was added in the proportion of 150 cc to 1 g 
of sample and allowed to digest at room temperature with frequent 
stirring for 48 hours. The loss in weight after extracting and redrying 
was calculated on the basis of the original imextracted material. 

Hot-water extractives . — A weighed sample of the dry residue from 
the previous extraction was treated with distilled water in the pro- 
portion of 150 cc of water to 1 g of sample and boiled under a reflux 
condenser for 3 hours. The loss in weight was calculated on the 
basis of the original dry unextracted material. 

One-percent hydrochloric add extractives . — A weighed sample of the 
plant material which had been successively extracted with alcohol- 
benzene solution, cold water, and hot water, as described above, was 
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treated with a 1-percent hydrochloric acid solution in the proportion 
of 150 cc of acid solution to 1 g of plant material and boiled under a 
reflux condenser for 3 hours. The loss in weight was calculated on 
the basis of the original dry imextracted material. 

Total extractives. — This represents the sum of the percentages of 
the alcohol-benzene, cold-water, hot-water, and 1-percent hydro- 
chloric acid extractives. 

Vronic acid anhydrides —These were determined in the dry un- 
extracted material according to the procedure recommended by 
Dickson, Otterson, and Link (6), as modified slightly by Phillips, Goss, 
and Browne (Ji8). The uronic acids are present in the pectins and 
in the hemicelluloses. 

Total furfural. — Tliis was determined in the dry unextracted plant 
material by the method of the Association of Official Agricultural 
Chemists (Jf). 

Pentosans. — From the percentage of total furfural determined as 
described above, one-sixth of the percentage of uronic acid anhydrides, 
determined by the method referred to above, was deducted, and the 
result was calculated as percentage pentosans. The figure thus ob- 
tiiined represents the sum of the furfural yielded by the pentoses of 
the polyuronides,* plus the furfural of the Cross and Bevan cellulose, 
all calculated as percentage of pentosans. 

Cross and Bevan cellulose. — This was determined by the method 
described by one of the writers in a previous publication {26). The 
percentage of ash in the Cross and Bevan cellulose was determined, 
and the result was calculated on the basis of ash-free material. 

Furfural in Cross and Bevan cellulose. — This was determined by the 
method of the Association of Official Agricultural Chemists {!). The 
percentage of furfural was calculated on the basis of ash-free Cross 
and Bevan cellulose. 

Cellulose. — The Cross and Bevan cellulose consists essentially of 
two components, a 'Hrue'^ cellulose fraction and a furfural-yielding 
fraction, which in all probability is xylan {20). In order to ascertain 
the ‘‘true cellulose content of the material, the percentage of furfural 
in tlie Cross and Bevan cellulose determined by the method referred 
to above was calculated as percentage of pentosans, and when this 
was deducted from the percentage of Cross and Bevan cellulose, the 
result was the percentage of “truej' cellulose in the sample. 

Lignin. — The lignin determinations were made on plant material 
wliich had been extracted with alcohol-benzene solution, cold water, 
hot water, and a 1-percent hydrochloric acid solution, according to 
the procedure described above. The lignin was determined by the 
fuming hydrochloric acid method described by one of the writers m 
a previous publication {26). Three samples were weighed, and m the 
lignin resiaues from the first two samples the percentages of ash 
and nitrogen, respectively, were determined; in the lig;nm residue 
from the tUrd sample the percentage of metho^^l was determmed. 
Corrections were made for the nitrogen and ash in the lignin. 

Methoxyl in ashfree lignin. — The percentage of metho^l in the 
lignin residue was determined by the method referred to above, and 
the result was calculated on the basis of ash-free lignin. 


* The term “polyuronides** was introduced into chemical literature by pandli n wn tinn 

«fe, therefore, polyuronides. 


It 



Table 1. — Percentage composition of barley plants at different stages of growth 
[Results calculated on the basis of oven-dried material. Figures in parentheses give percentages on the basis of ash-free material] 


306 


Journal of Agricultural Besearch 


Vol. 51, no. i 


S o 


S-c-S 9J-S 
^ o S ^ 


1F^ 


issssssssssris 

<oad'!dQ6»dt'^eij»d«*j«3eo^e<5cocoe*5e<6eceoe*5t-!*-J»-!p4»-i^ 


r-i^r-ir-icieicicicie6e6eotti»eiuit6t6t^<Strl<etltlt^t^<» 


a.9|Tj|i^ 


Ot-«~i05O>O<DC*C0a0 00Ot'>-^C4>ACC0005l'><0<--i 


is;ssss^s9$£;s 

<© O © » 05 ^ O ^ 00 S ^ t-* QC ^ 


S^;S8S§53:S?3S^Sf2Sg3^Ic?3S^;:K»:rSSSS 

■^^«'i®33d32d2'23^g^S3g?^^Slag^^ 

assSsS^s.tssis^sfsgsisisSss 

«5 uS «(5 «d 0 ^ 05 i'<J od t-I oJ 00 oi c4 jsl eA CO ^ ^ »o eo */5 »rf 


llltl 


S238SSSS3S22gSa!$i£SSgS!SSSsSS92 


SS2aK9KSSSBSS^233SS3S2$£;S3;SS 


2'Ct 3 « S 
2. S 'p .2 'S .fe ^ 
^ S ^3 c8 t? !3 

Xi V 9 

wfsei 


a'gS5g?jg?lgagi^gj5gS3g^g^gj«giSgs?g 


SS?S822SoK§f2Sg§2&55oSS85t?i5?2?S5:;?S,®r: 

«^SliSS2j55?3855r::^:i:2'22is::=^^«^S3Si2 


o^iSci 8 

qlliss 


SS;28^RS223aaS3S3SSSSa3$SS33S 

c^85^e§S:;iS§5^SJMJii5^SS252iJ^jH2£HJM£3^SldS2JS 


if g|||i 

g 0.3 2^0 C 


|g-=i.9i-C 

5!,afs"2 

'Itlll 


3<e3<e«sss8j;S$RS2S3S8g8RS?SSSgS 


O'-^ *'*-' *'-> *'>->,-;j^i^^c^^es|e4c^c4eieloie4e>icsi 


m 5 ;d «5 i-i «rf «c5 c*j -<* e*5 cd f-J c4 1-i I-? i-i »-5 f? 1-i *«4 ''A> 


S39S88Sa$8t:R9 




§s as 
s a S § 

•©.S2 a'o. 


^1 *.i| 



Aug. 16 . 1 B 36 Composition oj Leaves and Stalks of Burley 307 


Methoxyl in pure lignin— The percentage of methoxyl in the lipmin 
residue was detemuned, and the result was calculated on the basis 
of ash-free and crude protein-free (NX 6.25) lignin. It is necessary 
to emphasize m this connection that the term “pure lignin” is used 
merely to designate the lignin residue from wliich proper deductions 
were made for ash and crude protein, and should not be confused 
with the term as applied to crystalline organic compounds. 

RESULTS 

The_ results obtained are given in 3 tables and illustrated graphi- 
cally in 6 figures. Table 1 shows the percentage composition of 
barley plants at different stages of growth. 



Figure l.— Percentages of ash and nitrogen in leaves and stalks of barley plants at successive stages of 
growth- (The nitrogen values are on ash-free basis.) 


After an initial rise in the percentage of ash, which reached a 
maximum of 16.48 percent in the third sampling period, there was a 
progressive although somewhat irregular decrease as the plants grew 
older (fig, 1), This is in agreement with the results obtamed by 
Lawes and Gilbert (17). Results of a similar nature were obtained 
with wheat plants by Phillips, Davidson, and Weihe (^7), and by 
Malhotra (18, 19). Norman (21), working with barley plants, also 
obtained results of a similar character. 

NITROGEN 

The percentage of nitrogen also showed an increase in the early 
stages of growth, after which there was a steady decrease (fig. 1). 
The data obtained by Shaw and Wright (32) in their studies on the 
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percentage of nitrogen in the corn plant at different stages of growth 
showed a similar tendency. Phillips, Davidson, and Weihe {27) 
found a similar decline in the percentage of nitrogen in plants at 
different stages of growth. 

METHOXYL IN ORIGINAL PLANT MATERIAL 

In determining the percentage of methoxyl in a plant material by 
the Zeisel method {26), one obtains not only the percentage of meth* 
oxyl found in methyl ethers, but also that present in esterlike com- 
bination, as in pectins and in the methyl esters of organic acids 
generally. The figures listed under this heading represent, therefore, 
the total methox^ content of the plant material, that is to say, the 



Figure 2 —Percentages of methoxyl in original plant material, methoxyl in extracted plant material, 
and methoxyl in **pure'’ lignin (all on ash-free basis) in leaves and stalks of barley plants at successive 
stages of growth. 


sum of the percentage of metho^l present either in the form of 
methyl ethers or methyl esters. In the early stages of growth the 
percentage of methoxyl in the plant material was fairly constant 
(fig. 2). Subsequently there was a progressive rise, 'presumably 
caused by the process of limification, which is accelerated as the 
plant grows older. The residts obtained by Phillips, Davidson, and 
Weihe {27) with wheat plants show a similar trend, although the 
percentages of methoxyl in the culms of the mature wheat plants 
were higher than those recorded in table 1. 

METHOXYL IN EXTRACTED PLANT MATERIAL 

The percentages of methoxyl in extracted plant material recorded 
m table 1 represent essentially methoxyl groups present as methyl 
ethers. The percentages of methoxyl recorded here represent es- 
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sentially lignin methoxyl groups, although not entirely, as will be 
pointed out later. It will be noted that in this case, as in the methoxyl 
in original plant material, the percentage of methoxyl increases with 
the age of the plant (fig. 2). It will be noted also that the percentage 
of lignin likewise increases as the plant grows older, so that, on the 
supposition that the methoxyl in the extracted plate material rep- 
resents essentially lignin methoxyl, the results are what one would 
expect. 

ALCOHOL-BENZENE EXTRACTIVES 

The alcohol-benzene extractives include a heterogeneous class of 
compounds, as the solvent employed removes various resinous, fatty, 
or waxy substances. The results show' that there was a decrease in 
the percentage of alcohol-benzene extractives as the plants grew 
older. From a percentage of more than 30 in the second sampling 
period, it decreased to 13.54 percent in the last samjiling period. 
The decrease, how'ever, was neither even nor regular. 

COLD- AND HOT-WATER EXTRACTIVES 

After a slight decrease in the second and third sampling periods, 
the percentage of cold-w'ater extractives increased, reaching a maxi- 
mum in the fifth sampling period. The percentage then declined 
rapidly, although not in a regular manner. The percentage of hot- 
water extractives at first declined from 6.65 (calculated on ash-free 
material) to 4.96, then it increased until it reached a maximum of 7.11 
in the seventh sampling period. Subsequently, how^ever, it declined 
again, so that in the last sampling period the percentage amounted 
to only 3.05. 

l-PERCENT HYDROCHLORIC-ACID EXTRACTIVES! 

The data on the 1 -percent hydrochloric-acid extractives are irregu- 
lar, partly owing to the heterogenous nature of the extract, as the 
treatment with acid hydrolyzes some of the hemicelluloses, the poly- 
uronides, the pentosan fraction of the Cross and Bevan cellulose, and 
perhaps some of the proteins. 

TOTAL EXTRACTIVES 

The figures presented under tliis heading represent the sum of the 
percentages of alcohol-benzene, cold water, hot vrater, and 1 -percent 
hydrochloric acid extractives. The percentage of total extractives 
decreased as the plant grew older. There was a slight increase in the 
second sample, as compared with the first. Subsequently, there 
was a gradual decrease in the percentage. Attention is called to the 
fact that, particularly in the early stages of the development of the 
plant, approximately 80 percent of the plant substance can be removed 
by successive extraction with 1 : 2 alcohol-benzene solution, cold water, 
hot water, and hot I -percent hydrochloric acid. 

URONIC ACIDS 

The percentage of uronic acids (calculated as anhydrides) increased 
during the early development of the plant and reached a maxunum 
when the plants were 29 days old (fig. 3). After that there was a 
gradual, though not aJtogetiier regular, decrease in the percentage of 
uronic acids. These acids are found chiefly in two structural ox)m- 
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ponents of the plant, namely, the pectins and the hemicelluloses. 
^ the plants grow older, the pectin content, particularly of lignified 
tissues, decreases, so that the uronic acids in the plant would naturally 
show a decrease. Moreover, the pectins contain a much greater 
percentage of uronic acids than do the hemicelluloses, so that the 
decrease m pectin would account for a much grater loss in percentage 
of uronic acids than an equal loss in the hemicelluloses. Attention 
is called again to the observation of Candlin and Schiyver (S, p. 376): 



Id M 46 kM 

AGE OF PLANTS (OAY^ 


Figure 3.— Percentages of uronic-acid anhydrides, pentosans, and lignin in leaves and stalks of barley 
plants at successive stages of growth. 

Lignified tissues contain lignins and hemicelluloses in relatively large amounts, 
with only traces (if any) of pectins. Non-lignified tissues, on the other hand, 
contain relatively large amounts of pectins, small amounts of hemicelluloses, and 
no lignin. 

TOTAI 4 FURFURAL AND PENTOSANS 

The furfural obt^ed when a plant material is dist{^pd<with 12- 
percent hydrochloric acid is derived from two group8,*^namely, the 
pentos^ or pentosans, and the uronic acids. These two groups are 
found in the gums, hc^celluloses, and pectins. A pentose or pen- 
tosan unit is also associated with the cellulose in the Cross and Bevan 
cellulose. The figiires on the total furfural in the leaves and stalks 
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of the barley plants represent, therefore, the sum of the percentages 
of furfural yidded by the luronic acids and the pentose or pentosan 
units. The percentage of furfural increased with the increase in the 
age of the plant. 

The figures on the percentage of pentosans were obtained by 
deducting from the percenta,ge of total furfural the percentage of 
furfural arising from the uronic acids (the uronic acids yield one-sixth 
of their weight of furfural) and calculating the difference as pentosans. 
These figures represent, therefore, the total pentose or pentosan 
units in the plant material, irrespective of whether these umts occur 
in the gums, hemicelluloses, pectmsj or in Cross and Sevan cellulose. 
Table 1 and figure 3 show that while in the second sampling period 



there was a small decrease in the percentage of pentosans as compared 
with the material from the first sampling period, the plants from the 
subsequent samplings, with one exception, showed a steady increase 
until maturity, when the highest percentage was obtained. 

CROSS AND SEVAN CELLULOSE, FURFURAL IN CROSS AND SEVAN CELLULOSE, AND 

CELLULOSE 

The percentage of Cross and Bevan cellulose, as well t^ per- 
centage of cellulose, increased rapidly as the plant grew older (ng. 4). 
The maximum percentage was reached when the plants were 70 days 
old. After tWs, as the plants matured, the percentages oj^ross and 
Bevan cellulose, as well as cellulose, decreased slightly. When taken 
in conjunction with the data on the lignm content at various stagM 
of growth of the plant, these data are interesting. As both the 
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percentage of cellulose and the percentage of lignin increas^ as the 
plants grew older, there is no direct evidence that the lignin increased 
at the expense of the cellulose. 

The percentages of furfural in the Cross and Sevan cellulose 
increased as the plants grew older. The increase, however, was 
neither consistent nor even. The maximum percentage was reached 
when the plants were 77 days old, after which there was a decrease, 
and at maturity the percentage amounted to 13.84, as compared with 
17.45 when the plants were 77 days old. 

LIGNIN, NITROGEN, ASH, AND METHOXYL IN LIGNIN 

Table 1 and figure 3 show that the lignin increased consistently as 
the plants grew older. In the first sample the percentage of lignin, 
calculated on the organic portion of the plant material, amounted to 
1.71, and in the last sample, when the plants were mature, the per- 
centage of lignin was 8.3(). The lignin values obtained in this investi- 
gation are quite different from those recorded by Norman (21), 
although the tendency was the same. According to the results of 
this investigator, the young seedlings contained more than 14 percent 
of lignin. The percentage of lignin then increased until a month 
before maturity, when it amounted to 19.7, after which there was a 
slight fall. The decided difference between the lignin values recorded 
in this paper and those reported by Nonnan is due to the fact that 
different methods were employed for the quantitative estimation of 
li gnin , Norman using the old method of Ost and Wilkening (24). 
While none of the methods now employed for the quantitative 
estimation of lignin is entirely free froin criticism, the method of 
Ost and Wilkening is particularly objectionable, as the residue ob- 
tained when the plant material is hydrolyzed with 72 percent sulphuric 
acid is assumed to be lignin. This is now known to be incorrect, as 
certain fatty or waxy substances and their degradation products are 
not removed by the treatment with 72 percent sulphuric acid, and 
are weighed along with the lignin. Moreover, as was shown by 
Paloheimo (25), and recently coi&med by Hilpert and Littmann {IS), 
certain carbohydrates when treated with 72 percent sulphuric acid 
yield insoluble huminlike products. These complexes, therefore, 
would also be weighed along with the lignin. Furthermore, according 
to the method of Ost and Wilkening, no correction is applied for the 
nitrogenous complexes with which the lignin residue is nearly always 
contaminated. While the percent^e of nitrogen in the lignin residue 
of wood is generally small, this is not the case in the lignin residue from 
young plants. Attention is called to the nitrogen values in the 
crude lignin recorded in table 1 and shown graphically in figure 5. 
The percentage of nitrogen in the lignin residue from the first sample 
amoimted to nearly 7. As the plant grew older, the percentage of 
nitrogen in the l^nin residue decreased, until in the lignin from the 
mature plant it amounted to only 1. No doubt this was due to the 
general diminution in the nitrogen content of the leaves and stalks 
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as the plant grew older. (See figures in table 1 on percentage of 
nitrogen in original plant material.) The high lignin vdues obtained 
when the Ost and Wilkening method is used for the determination of 
lignin in such materials as young and mature barley plants undoubtedly 
are due to a contan^ation of the crude lignin residue with nitrog- 
enous complexes, with huminlike products derived from certam 
carbohydrates, and with fatty or waxy products and their degradation 
products. Norman recognized the unsatisfacto^ character of the 
method he employed for the determination of lignin, and he states 
that “the figures are presented with some reserve.” 



Figure 5.- Percentages of ash in lignin and nitrogen In ash>free lignin isolated from leaves and stalks of 
barley plants at successive stages of growth. 


The figures on the percentages of methoj^l in the ash-free lignin 
and in the so-called ‘‘pure’' lignin (fig. 2) indicate a decided difference 
in the composition of lignin , at least so far as its degree of methylation 
is concerned, isolated from plants at different stages of development. 
As the plant grows older, not only does the percentage of lignin 
increase, but tnere is also a steady increase in the percentage of 
methoxyl in the lignin. 

The percentage of ash in the lignin varied considerably. After an 
initial mcrease it decreased, but not consistently (fig. 5). 
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Table 2. — Percentage of furfural yielded by several components of barley plants at 

successive stages of growth 


[Results calculated on basis of ash-free plant material] 


Age of plants 
(days) 

Total 

furfural 

Furfural from 
uronic acids 

Furfural from pen- 
tose of Cross and 
Bevan cellulose 

Furfural from pen- 
toses of polyu- 
ronides 1 

Furfural 
from 
pentoses 
of poly- 
uronides 
calcu- 
lated as 
xylose 




Percent 

1 

Percent 


Percent 



Perceid 

Percent 

of t(Aal 

Percent 

of total 

Percent 

of total 

Percent 

7 2 

7.31 

I 1. 19 

16. 2 






Hi” :::: : 

6.78 

1 13 

16. 6 






21 

7.W 

1.44 

18.0 

2. 52 

31.6 

4.01 

90. A 

6. 96 

29... 

9.29 

1.54 

16.5 

4.08 

43.9 

3. 67 

39.6 

6.37 

3r> 

8.09 

1. 12 

12.5 

4.78 

53. 2 

3.09 

34. 3 

5, 33 

42 

9. 03 

1 (N) 

11.0 

6.54 

TIA 

1.49 

16.6 

2. .68 

49 

9.22 

.91 

9.7 

6 80 

73.7 

1.51 

16.4 

2. 62 

56 

14.09 

.88 

6.2 

5.87 

41.6 

7.34 

52.1 

12.74 

63 

13.20 

! .89 

6.8 

5.59 

42.7 

6.72 

50.5 

11.47 

70 

14.96 

1 09 

7.2 

7.46 

49.8 

6.41 

43.0 

11.12 

77 

15.35 

.89 

5.8 

8.16 

53. 0 

6. 31 

41.2 

10.95 

84 

15.19 

.78 

5.1 

6.29 

41.4 

8.12 

53.5 

14.09 

86 

15.99 

.79 

4.9 

6.19 

38.7 

9.01 

56.4 

15.64 


» By difference. 

> This sample was a composite of plants that were l, 2, 3, 4, 5, 6, and 7 days old, respectively. 

» This sample W’as a composite of plants that were 8, 9, 10, 11, 12, 13, and 14 days ola, respectively. 


Table 2 shows the percentages of furfural yielded by several 
components of the leaves and stams of the barley plants at successive 
stages of growth (fig. 6). Instead of calculating the percentage of 
total furfural as pentosans in the conventional manner, an attempt 
was mdde to separate the percentages of furfural yielded by the 
several components of the plant material, thus afTording a more 
accurate picture of the development of the furfural-yieldii^ com- 
ponents. The figures in the second column are taken from Table 1 
and are inserted here for the sake of comi)lctene8s and comparison. 
The figures in the third column were obtained by dividing the per- 
centages of uronic anhydrides by 6 (the uronic acid anhydrides yield 
one-sixth of their weight of furfural). The figures in the fifth column 
were obtained by multiplying in each case the percentage of Cross 
and Bevan cellulose by the percentage of furfural in the Cross and 
Bevan cellulose, and dividing the result by 100. The figures in the 
seventh column were obtained in each case by subtracting the sum 
of the percentages recorded in the third and fifth columns from the 
percentage of total furfural given in the second column. The figures 
given in the last column were calculated from those recorded in the 
seventh column, taking into consideration the fact that :^lose yields 
only 90 percent of the theoretical quantity of furfural. Table 2 and 
figure 6 show that after a slight initial increase the percentage of fur- 
fural yielded by the uronic acids tended to decrease as the plants 
matured. The percentage of furfural yielded by the Cross and Bevan 
cellulose showed an upward trend, with a small decrease in the last 
two sampling periods. In general, the results indicated that the per- 
centage of furfural-yielding fraction of the Cross and Bevan cellulose 
increased as the plants matured, and in the later stage of the develop- 
m^t (77 days), it furnished more than 60 percent ojf the total furfural, 
^e percentage of furfural due to the pentoses of the polyuronides 
showed a decrease in the fiirst few wee^ of the development of the 
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plants, and then it suddenly increased to such an extent that at 
maturity 56 percent of the total furfural was furnished by the pentoses 
of the polyuronides. The figures in the last column, of course, show 
the same tendency as those recorded in the seventh column. 

Data are presented in table 3 on the distribution of the firmly 
bound methoxyl groups between the lignin and the nonlignin con- 
stituents of the barley plants at successive stages of growth. The 
table shows that the weight of lignin methoxyl in 100 g of plant 
material increased consistently as the plant matured, but the per- 
centage of lignin methoxyl calculated on the basis of the total firmly 
bound methoyxl did not increase in a regular fashion, although the 
figures show an upward trend. In the mature plants, from 75 to 
80 percent of the total firmly bound methoxyl is found in the lignin. 



The percentage of methoxyl not in the lignin decreased, in the inam, 
as the plant matured. In the early stages of the development of the 
plant, the percentage of methoxyl not in the lignin seemed rather 
high. It has been shown by O’Dwyer (^5), Setoidt and his co- 
workers (SO), and Hagglund and Sandelin (lS)_that in ''^od some 
iirmly bound methoxyl groups are found also in the carbohydrate 
fraction, although the percentages recorded by these investigators 
are lower. Whether the firmly bound methoxyl obtained “Om the 
nonlignin constituents of the plant material represents real metimxyl 
groups or methyl groups attached directly to carbon which have been 
split out by the hydriodic acid employed in the determination ot 
methoxyl is not known. The nature of the substance or simstanc^ 
yielding the firmly bound methoxyl not associated with the lignin 
merits further investigation. 
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Table 3 . — Distribution of firmly hound methoxyl between lignin and nonlignin 
constituents of barley plants at successive stages of growth 
[Results calculated on basis of ash-free plant material] 


Age of plants (days) 

Firmly 
bound 
mathoxyl 
in 100 g of 
plant 
material 

Limin 
methoxyl 
in 100 g of 
plant 
material 

Lignin 

methoxyl 

Methoxyl 
not in 
lignin 

7 > 

Oram$ 

0. 16 

Oramt 

Percent of 
total 

Percent of 
total 

14* 

. 16 

0.09 

56.2 

43.8 

21 

.18 

.13 

72.2 

27.8 

29 

.26 

.18 

72.0 

1 28.0 

35 

.36 

.24 

66.6 

1 33.4 

42 

.73 

.38 

52.0 

48.0 

49 - 

1. 18 

.73 

61.8 

:i8.2 

56 

1.36 

.94 

69. 1 

30.9 

63 

1.52 

1.09 

71.7 

28.0 

70 

1.72 

1.24 

72.0 

28.1 

77 

1.54 

1.20 

77.9 

22.9 

84 - 

1.59 

1.29 

81.1 

18.3 

86 - - 

1.82 

1.36 

74.7 

25 3 


» This sample was a composite of plants that were 1, 2, 3, 4, 6, 6, and 7 days old, respectively. 

9 This sample was a composite of plants that were 8, 9, 10, 11, 12, 13, and 14 days old, respectively. 


DISCUSSION 

Cross and Bevan (4) advance the following theory of lignification 
4, pp. 180-181): 

* * * the process of lignification consists in a series of progressive and 

intrinsic modifications of a cellulose or oxycellulose tissue, the products of modi- 
fication remaining associated with the residues of the parent substance in a state 
of combination or of intimate mixture, the final products of metabolism (aro- 
matic products, pentosans, &c.) being excreted and taking no further part in 
the organic processes of the tissue. 

Among others, they advance the following argument in favor of 
their tneory of lignification (4, p. 179): 

Regarding lignification as a process of continuous modification of cellulose, and 
the woods as representing the extreme limits of sucii a process, these should show 
an increase in lignone at the expense of cellulose; which is in fact the case. 
Lignooelluloses in the first year of growth contain 70-80 p. ct. cellulose; the woods, 
on the other hand, 50-60 p. ct. 

While it is true that woods generally contain a greater percentage 
of lignin than is found in annual plants, it is by no means certain that 
the evidence offered by Cross and B,evan is an indication that the 
plant synthesizes lignin from cellulose. The results of this investi- 
gation show that the period in which lignin increased was also that 
in which a considerable increase was obtained in the cellulose. Both 
the lignin and the cellulose increased progressively with the age of 
the plant. No direct evidence was obtained that the lignin increased 
at the expense of the cellulose. If the Cross and Bevan conception 
is correct, in consideration of the results obtained in this investiga- 
tion, the assumption would have to be made that the plant synthe- 
sizes cellulose faster than it converts it into lignin. 

With reference to the hypothesis of Rassow and Zschenderlein (^9) 
that lignin is formed by the plant from pentoses or pentosans, the 
results obtained in this investigation fail to show any direct relation- 
ship between the content of pentose material and li^in. Both the 
percentage of lignin and the percentage of pentoses mcreased as the 
jplant matured, and here also, if the hypothesis of Rassow and 
Zschenderlein is correct, it would be necessary to assume that the 
plant synthesizes pentoses faster than it converts them into lignin. 
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The results obtained in this investigation reveal that the percent- 
ages of uronic acids and soluble sugars (cold- and hot-water extrac- 
tives) decreased as the plant matured. In view of the fact that the 
total pentose material increased with the age of the plant and that 
soluble pentoses are also included among the cold- and hot-water 
extractives, the loss of soluble carbohydrates other than pentoses 
must have been even greater than the figures on the cold- and hot- 
water extractives reveal. It is, of course, recognized that much of 
this loss was due to a translocation of the hexoses to the seed where 
it was stored in the form of starch; it is nevertheless conceivable 
that part of the hexose sugars may have been utilized by the plant 
in the production of lignin. Whether the synthesis of lignin proceeds 
directly or whether the hexoses are first oxidized to uronic acids is, 
of course, not known. While the results obtained in this investi- 
gation do not disprove the hypotheses of Cross and Sevan and of 
Kassow and Zschenderlein, they definitely do not support them. In 
the main, the results are more in hannony with Schrauth^s conception 
as to the genesis of lignin in the plant. 

SUMMARY 

A study was made of the composition of the leaves and stalks of 
the barley plant at successive stages of growth. 

After an initial increase, the percentages of ash and nitrogen 
declined steadily as the plant matured. 

The percentage of methoxyl in the original and in the extracted 
plant materials increased with the age of the plant. 

The percentages of alcohol-benzene, cold-water, and hot-water 
extractives declined, though not in a regular manner, as the plant 
became older. The 1 -percent hydrochloric acid extractives showed 
no definite tendency. 

The percentage of uronic acids increased somewhat during the 
early development of the plant, and then declined as the plant ma- 
tured. The percentage of the furfural-yielding components, as well 
as the percentage of pentoses calculated as pentosans, increased as 
the plant matured. After a slight initial increase, the percentage 
of furfural yielded by the uronic acids tended to decrease, and in no 
case did it amount to more than 18 percent of the total. The per- 
centage of furfural furnished by the Cross and Bovan cellulose showed 
an upward trend at first, but decreased somewhat as the plants 
matured. The furfural derived from the pentoses of the polyuronides 
showed a decrease in the first few weeks of the development of the 
plants, and then suddenly increased to such aii extent that at ma- 
turity 56 percent of the total furfural was furnished by the pentoses 
of the polyuronides. 

The percentages of Cross and Bevan cellulose, as well as the 
cellulose, increased rapidly as the plants grew older. As the plants 
matured there was a slight decrease in the percentage of these two 
components. . 

The percentage of lignin, as w^ell as the methoxyl m the hgnin, 
increased in a regular manner as the plants developed and matured. 
The lignin from young plants differs from the lignin of mature plants 
in that the former contains a much smaller percentage of methoxyl. 
As the plants mature not only does the percentage of lignin greatly 
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increase, but there is also a rapid methylation of the hydroxyl groups 
of the lignin. 

In the mature plants, 75 to 80 percent of the firmly bound methoxyl 
groups are found in the lignin. 

No direct evidence was obtained that the barley plant synthesizes 
lignin frona cellulose, pentoses, or pentosans. The results obtained 
are more in harmony with the hypothesis that the barley plant 
synthesizes lignin from soluble sugars other than pentoses. 
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rHE DISTRIBUTION AND CONDITION OF PHOSPHORUS 
IN THREE HORIZONS OF A DIFFERENTIALLY FERTII^ 
IZED HAGERSTOWN CLAY LOAM SOIL PLANTED TO 
APPLE TREES IN METAL CYLINDERS ‘ 

By Walter Thomas 

Professor of phytochemistry y Pennsylvania Agricultural Experiment Station 
INTRODUCTION 


The writer has recently reported {47Y the distribution and condition 
of the nitrogen in the soil during an experiment with apple trees 
grown in metal cylinders for a period of 6^^ years, and which received 
annually for the last 3 years of growth different combinations of 
sodiurn nitrate, monocalcium phosphate, and potassium sulphate. 
The distribution and condition of the phosphorus is reported in the 
present paper. The principal objective was to determine the condi- 
tion of the residual phosphoric acid (P 2 O 6 ) derived from the added 
monocalcium phosphate. 98.7 and 87.3 percent of the phosphoric 
acid was still present in the surface 0 to 7 inches of the NPK-treated 
cylinders under sod and cultivation, respectively, at the end of the 
experiment. 

The mechanism of the absorption by soils of certain anions (phos- 
phate, tartrate, oxalate, and citrate) is comparable in certain respects 
to tJiat of cations, that is, it is one of exchange involving equilibrium 
{8y 10), The characteristics of these exchange reactions are that 

they take place in the boundary between two phases, and that conse- 
quently no distinction can be made between absorption, adsorption, 
and chemical reaction in this interface. All such reactions may be 
described as disperse reactions (50). 

The physicochemical examination of the system phospate, ferric 
liydroxide, aluminum hydroxide, calcium (and magnesium) hydroxide 
by Gaarder {21) has thrown considerable light on the course of the 
reactions that might occur under soil conditions, albeit the experiments 
were in vitro, i. e., they were not conducted with soils present. These 
experiments of Gaarder show that the systems resulting depend on the 
(concentrations of hydrogen, iron, aluminum, calcium, and magnesium 
ions relative to the phosphate ions. When the conditions are such 
that the concentrations of iron, aluminum, and calcium are in excess 
of that of the phosphate only two narrow pH ranges were observed at 
which the concentrations of phosphate (PO 4 ) were more than 0.01 mg 
per liter, viz, at 3.9 to 4.5 and 6.7 to 7.3. 

The approach to the problem of the condition of the residual phos- 
phate applied in the writer^s cylinder experiments has been made by 
ascertaining the total amount of phosphorus present in the three 
horizons, 0 to 7, 7 to 21, and 21 to 53 inches, respectively, of the soils 
of the treated and untreateci cylinders, together with the 
tion of the amounts extracted from these soils under specified condi- 
tions by solvents having a wide range of pH values. 

^ Received for publication Mar. 18, 1935; issued October 1935. Pennsylvania Agricultural Experiment 
Station, Technical Paper no. 683. ^ 

* Reference Is made by number (italic) to Literature Cited, p. 336. 
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METHODS OF EXPERIMENTATION 

FIELD PLAN OF THE CYLINDER EXPERIMENTS 

The detailed plan of this experiment has appeared iii a number of 
publications {2, 45^ 46); only a brief outline, therefore, is necessary. 

The soil used in the cylinders is a virgin soil of Trenton formation 
formed by the weathering of limestone {44)- the present paper 
this soil is designated the “original soil.’^ The excavation was made 
on a strip of land 110 feet by 11 feet near the college experimental 
orchard. The surface horizon is a heavy silt loam and is underlain 
by a clay loam which becomes heavier in texture with depth {44)- 
During the excavation the three horizons, viz, surface (0 to 7 inches), 
subsunace (7 to 21 inches), and subsoil (21 to 53 inches), were kept 
separate and each pile was thoroughly mixed. The procedure of 
filling the boiler-plate cylinders, which were 5 feet in diameter and 
5K feet deep, has been previously described (47). 

The trees were planted in the spring of 1922. The culture system, 
consisting of green manuring with buckwheat and rye principally, 
was uniform in all the cylinders until the spring of 1924, at which 
time half the cylinders were seeded with a mixture of Kentucky 
bluegrass and timothy. These cylinders are designated “cylinders 
under sod.” The remaining half of the cylinders were kept under a 
system of clean cultivation. These are designated “cylinders under 
cultivation.” 

A distinction must be noted with respect to the additions of 
pliosphori(*. acid from 1925 until the end of the experiment in 1927. 
During these last 3 years of the experiment the cylinders under 
cultivation received 2^5 g more phosphoric acid than the cylinders 
under sod. The reason for this is that it was then considered neces- 
sary to add equal amounts of organic matter to all the cylinders 
under cultivation. This was accomplished by growing rye outside the 
cylinders. For further details the paper by Anthony and Clarke 
{2, p, 251) should bo consulted. All trees were allowed to grow^ 
wdthout the addition of any mineral fertilizer until the spring of 
1925, at which time differential treatment with different combinations 
of sodiujn nitrate, monocalcium phosphate, and potassium sulphate 
was commenced. 

The schedule of applications of monocalcium phosphate is given 
in table 1. 

The total amount of phosphorus (as P20r,) added during the experi- 
ment was 1,052.8 g. In addition to the phosphorus carried in the 
monocalcium phosphate the cover crops contributed approximately 
10 g of phosphoric acid. The fertilizer was broadcasted and not 
mixed with the soil. 


Table ]. — Schedule of vionocalcium. 'phosphate applications with phosphorus 

pentoxidc equivalent 


Date applied 

CaH4(PO<)2-HaO 

P 2 O* equiv- 
alent 

Apr. 18, 1925 

Orama 

534 

Grams 

Mays, 1926 

987 

lltfl A 

June 7, 1926 

267 

Ml 

JluU 4 

150.4 

AHA fi 

May 5, 1927 

May 18, 1927 

987 

wIR/* P 
IRA A 

Total 

«Of 

1 QAO 

lOU. 4 

1 

ouH 

J , 052. 8 
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The total precipitation during the period of the experiment was 
94.4 inches and, in addition, 2 inches of artificial watering was applied 
in May 1926, and 1 inch in August 1927. 

Samples of the soil of each of the horizons were taken both before 
and after the conmletion of the experiment in the manner previously 
described {47). During the period from September 20 to 28, 1927, 
the trees were dug up and soil samples representative of the three 
horizons were taken, by the method of successive quartering, from 
each of the cylinders from which the trees had been removed. These 
samples were dried at 75° C. and then sieved through a 1-mm sieve 
(3) and stored in glass jars in the dark. Analyses of the trees liave 
already been reported (46). 

PERCOLATION EXPERIMENTS 
Choice op Solvents 

The solvent powers of a particular acid, barring reverse or secondary 
reactions, are related not only to the extent of dissociation of the salts 
formed and to the dissociation constant of the acid but also to the 
extent of hydrolysis and to complex ion formation. Moreover, it 
must be borne in mind that the determination by the aid of weak acids 
of so-called “available” phosphoric acid (PgOs) is not one of disso- 
lution i)ure and simple but is a mechanism of exchange involving 
equihbrium (8,11). 

With respect to the choice of solvents one might, as some investiga- 
tors have done (4, 27, 28), use only one acid, e. g., hydrochloric acid 
of different concentrations, thus providing a wide range of pU values. 
It was decided to use different acids in the present investigation not 
only because the different solvents chosen provide a wide range of pH 
values (0.7 to 5.5), but also because they have long been in use by 
other investigators, and thus permit a comparison of the results ob- 
tained with those of others. That fundamental differences with 
respect to their ability to mobilize phosphoric acid exist is indicated 
by the difference in their critical concentrations (10). 

The choice of an acid does not appear to be altogether an arbitrary 
one for all types of soils, as assumed by some investigators. Laterite 
soils which are very high in iron oxides are decomposed by hydroxy 
acids with the formation of acetone and carbon dioxide (7), and some 
hydroxy acids, e. g., citric keid, apparently fail with certain types of 
calcareous soils (6), possibly as a result of a too great reduction of the 
acidity by the calcium carbonate. 

The majority of chemical determinations of riie availability of 
phosphate have been carried out by the “equ^brium” method. 
The solvents used have included principally (1) citric acid, used by 
Dyer (IS); (2) the 0.2 normal nitnc acid solvent used extensively by 
Fraps and his coworkers (16, 17)] (3) 0.1 or 0.2 normal acetic acid 
solution, used in France and Germany; and (4) the solvent recently 
pr(mosed by Truog (48), viz, a 0.002 normal sulphuric acid solution 
buffered with ammonium sulphate. Distilled water has been 
favored by Schloesing (40) and by Wrangell (62, 6S, 64). 
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Extbaction Pbocedubb 

Extraction methods in which the soil is shaken for a definite length 
of time with the solvent, followed by filtration, washing, and repetition 
of the procedure with the soil residue, are inconvenient and laborious. 
Percolation methods which give the same kind of results as the 
foregoing procedure are much more convenient. In one form or 
another this method has been used by many investigators. Recently 
Harper {25) has described a simple form of apparatus which has been 
further modified by the writer, as follows: 

A carbon tube is fitted with a platinum cone, above which rests a 
layer of filter-paper pulp, followed by a layer of 4()-me8h leached 



Figure l.— Battery of the type of percolation apparatus used in the extraction procedure. 


quartz sand. Five grams of the soil (moisture-free basis) are then 
added, gently compacted by tapping, and a layer of 60-mesh acid- 
washed (luartz sand is added. The reservoir consists of a 250-cc flask 
fitted with air inlet and outlet tube to which is attached a piece of 
heavy walled rubber tubing fitted with a screw cock. This cock 
should work freeljr and be well greased. A battery of such percolation 
apparatus (fig. 1) is very compact and utilizes little laboratory space. 
The principle of the method used is one of solution and displacement, 
and the mechanism is similar to that described by Parker (84). The 
action of a dilute acid on a soil is not constant {88), and for this reason 
the rate of flow can be regulated sufficiently uniformly to give agree- 
ment between duplicates by making slight adjustments of the screw 
cock morning and evening. The extractions were made at laboratory 
temperature, 75° to 85° F. 
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Determination of Phosphoric Acid in the Extracts 

The four dilute acids used were 0.1 normal acetic (pH 2.8), 0.2 
normal nitric (pH 0.7), 0.173 normal citric (pH 2.2), and 0.002 normal 
sulphuric buffered with ammonium sulphate (pH 3.0). Distilled 
water (pH 5.5) not freed from carbon dioxide was also used. 

The determination of phosphorus in the distilled water and also in 
the acetic and sulphuric aidd leachates was made by the Denigfes 
method {12), and in the citric acid and nitric acid leachates by 
Richards and Godden’s modification (37) of the Pemberton-Neumann 
method (S3, 35). In the latter procedure soluble silica was previously 
removed by dehydration. 

The blue color of the Denig4s method is the residt of a partial reduc- 
tion of some of the phosphomolybdate. Within certain limits the 
color is proportional to the concentration of phosphonis in the solution. 
The method is very sensitive; 0.001 mg phosphoric acid in 100 cc 
solution (!an easily be detected and estimated. The literature relating 
to the method has been thoroughly reviewed by Zinzadze (55), who 
has developed a technic whereby the blue color is stable over a long 
period. 

EXPERIMENTAL DATA 

The quantities in parts per million and absolute (total) amounts of 
phosphoric acid in the different soil horizons are given in table 2. 
The residts are the mean of duplicate determinations of total phos- 
phoric. acid (3), which differed by less than 0.005 percent. The re- 
sults of the percolation experiments with water, sulphuric, acetic;, 
citric, and nitric acids are given in table 3. The volume of each 
leachate, in all cases was 200 cc. 


Table 2. — Parts per million and absolute amounts of total phosphoric add in the 
respective horizons before the trees were planted and at the end of the experiment 



Total phosphoric acid 

Absolute amount total phos- 
phoric acid 

Troatinent 

Surface 

(0-7 

inches) 

Subsur- 
face (7-21 
inches) 

SuKsoil 

(21-5:1 

inches) 

Surface 

(0-7 

inches) 

Sub- 

surface 

(7-21 

inches) 

Sub- 

soil 

(21-53 

inches) 

Total 

(0-63 

inches) 

Soil before trees were planted 

P, p .m. 
1,020 

P. p, m. 
950 

P. p. m. 
1,020 

Orams 

697 

Orams 

1.120 

Grams 

2,744 

Oram^ 

4,461 

Sod. 







4,446 

Check 

1,017 

948 

1,016 

695 

1,118 

2,733 

NPK 

2,7»6 

939 

1,017 

1,036 

1, 107 

2,736 

5,479 

PK 

2,804 

948 

1,018 

1,641 

1,118 

2,738 

5,497 

P 

2,819 

954 

1,018 

1,650 

1, 125 

2,738 

5,513 

Cultivation. 




1,127 

2,727 

4,456 

Check 

1,028 

955 

1.01:1 

602 

NPK.— 

2,587 

1,045 

1,015 

1,514 

1,232 

2,732 

5, 478 

PK-..- 

2,023 

1,032 

1,018 

1,535 

1,217 

2,738 

5,490 

P - 

2,045 

1,030 

1,018 

1, 548 

1, 215 

2,738 

5, 501 



Phosphoric acid in successive leaching indicated | Total 
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per million and in absolute amounts — Continued 
0.1 N ACETIC ACID (pH 2.8) 
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1 Expressed in dry weight of soil, 
t Trace. 

3 Percolation was not carried further. 
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, DISCUSSION AND INTERPRETATION OF RESULTS 

EXTENT OP AND DIFFERENCES IN THE DOWNWARD MOVEMENT OF PHOSPHORUS 
IN THE TWO CULTURE SYSTEMS AS DETERMINED BY TOTAL PHOSPHORUS 
CONTENT 

The weights of each of the three soil horizons are: Surface 1,290 
pounds, subsurface 2,600 pounds, and subsoil 5,930 pounds. The 
absolute amounts of phosphoric acid can, therefore, be calculated. 
They are shown in table 2. 

The absolute amounts of phosphoric acid in the surface soil of 
correspondingly treated cylinders under the two systems is very much 
greater under sod than under cultivation, but the condition is reversed 
in the subsurface layer. The quantities of residual applied phosphoric 
acid expected in tlie surface soil at the end of the experiment can be 
approximately calculated from the data of table 2 together with the 
known amounts applied and absorbed by the trees from the added 
phosphate HO). The data so calculated indicate that a downward 
movement of phosphorus into the subsurface occurred in all the 
cylinders under cultivation and that no movement into the subsurface 
occurred under sod. The absolute amounts of phosphoric acid which 
moved into the subsurface (7 to 21 inches) layer in the cylinders under 
cultivation were: NPK, 117 g; PK, 113 g; and P, 99 g — equivalent 
to 11.5 and 9.5 percent of the amounts added in the NPK- and P- 
treated cylinders. 

The difference in the behavior of tlie cylinders under cultivation 
with respect to phosphorus movement as well as with respect to the 
movement of nitrogen (47) is interesting. For a better understanding 
it will be necessary to refer to the distribution and condition of the 
nitrogen in these same cylinders (47). In order to explain the 
accretion of nitrogen as nonnitric nitrogen in the subsoil (21 to 53 
inches) under cultivation (no accretion of nitrogen occurred under 
sod), three explanations were advanced, viz, (1) assimilation of 
applied nitric nitrogen by micro-organisms, (2) peptization of organic 
nitrogen by sodium nitrate in the surface soil and subsequent move- 
ment into the subsoil, and (3) the greater root system of the apple 
trees under cultivation as compared with that under sod. 

In searching for an explanation of this movement of phosphorus 
(and also of nitrogen) in the cylinders under cultivation (but not from 
under sod) the first explanation given above would a priori be elimi- 
nated. The third explanation would account for only a fraction of 
the phosphoric acid that moved into the subsurface. An additional 
explanation has recently been suggested, viz, that the living grass 
roots themselves absorbed and held enough phosphorus as it became 
available to reduce the amount that moved downward to a negligible 
quantity. This would be a consequence of greater downward move- 
ment of water under cultivation than under sod because there would 
be less transpiration and, therefore, less upward movement. These 
causes, no doubt, would be a factor but a minor factor because the 
phosphoric acid content of the grass in the sod cylinders would 
account for less than one twenty-fifth of the phosphoric acid that 
moved into the subsurface layer of the cylinders under the cultivation 
system. 

The second explanation above, viz, that of ‘‘peptization^^ by the 
organic matter, remains to be considered. There is sufficient experi- 
mental evidence (29, SO, S6) to show that colloidally dispersed humic 
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acids (formed by bacterial activity) function in mBldtig the soil 
phosjihoric acid more soluble. Ramann (Sd) gives many instances 
of soils being impoverished in phosphorus under such conditions. 
Dicalcium phosphate (CaHP 04 ) is relatively quickly decomposed by 
humic acids with the formation of calcium humates and free phos- 
phoric acid, the fate of which depends on the amount of sesquioxides 
present {30). The action of the humic acids may be expressed as a 
“deactivation” of the sesquioxides {9, 10). 

The relative immobility of phosphorous in the cylinders under sod 
is in accord with the results obtained in many otW long-continued 
field experiments on the heavier types of soils {14, pp. 12-134; 43, 49), 
where little movement of applied phosphates occurred below plow 
depth, except where certain salts {14) or stable manures {43) were 
added. In orchards under sod, penetration of phosphates in heavy 
clay soils may not exceed the first inch {43). On the other hand, on 
loosely compacted soils evidence of phosphate movement below the 
first foot has been obtained {42, 43, 51). Phosphoric acid has not 
been found in the leachates from lysimeter experiments {22, 31). In 
prairie soils a gradual translocation of phosphorus from the sub- 
surface to the surface horizons has been noted {!). 

CONDITION OP THE PHOSPHOHUS 

Source of the Phobphorus and of the Iron and Aluminum in the 
Haoebbtown Series 

Frear and White {19) in an examination of the available phosphoric 
acid on the grasslands of the Jordan fertilizer plots found only 6.4 
percent of the total amount of phosphoric acid present soluble by the 
Dyer method (one extraction only), and observed that this indic.ated 
the absence of apatite. The very small amounts of phosphoric acid 
dissolved from the original soil by all solvents (table 3) point to the 
absence of apatite. This is fui’ther confirmed by the niineralogii^al 
examination of Honess (4^, footnote 2), Limoni te comprises two- 
thirds of the accessory species in the fine sand fraction (0.2 to 0.1 mm) 
of the surface soil, and it is probable that the source of phosphorus in 
this soil is as an impurity in the limonite (Fei 203 nH 20 ), known to 
contain admixtures of other elements including phosphorus (J). 
Limonite has a high ^‘fixing'^ capacity for phosphorus (15). 

During the weathering processes aluminum compounds are in part 
transferred into various hydrated silicates. The aluminum of this 
soil is derived from the feldspars, which constitute about 50 percent 
of the fine-sand fraction and a large proportion of the silt fraction. 
Other sources of aluminum are the amphiboles and pyroxenes present 
as accessory species. There is no evidence of the presence of bauxite 
in this soil (4^). The iron is present as iron oxides mostly as limonite. 

Percolation Data 

The leaching experiments were limited to an examination of (1) 
the original soil before planting (the pH of which was 6.8), (2) the 
check cylinders under sod and cultivation (the pH of which was 6.65 
and 6.60, respectively), (3) the NPK cylinders also imder sod and 
cultivation (the pH of which was 6.50). i. • 

The results of the percolation experiments for the three horizons 
of the foregoing soils are given in table 3, 
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CONDITION OF THE RESIDUAL PHOSPHORUS IN THE SURFACE HORIZONS 

In the case of those solvents having a pH value of 2.2 and below 
the concentration of the solution with respect to phosphoric acid falls 
with each successive extraction, and with all solvents tends toward 
a constant level. At the stage indicated by reduction to this con- 
stant level there must exist a phosphate of such low solubility that 
the amount going into solution at each extraction is independent of 
the mass present in the soil. But with none of the solvents do the 
amounts going into solution follow a logarithmic law of decrement 
in either the phosphate-treated or the untreated soils — a consequence 
of the existence of more than one phosphate in both soils. In the 
phosphate-treated soils nitric and citnc acids have brought out 
60 to 70 percent of the total phosphoric acid in the surface 0 to 7 
inches in the first extract, indicating the presence of at least one 
comparatively easily soluble phosphate, which dissolves in proportion 
to the mass of it present in the soil. 

Inasmuch as there is no evidence in these laboratory experiments 
that the added monocalcium phosphate has effected any significant 
changes in the solubility of the native phosphorus, we can proceed 
to ascertain the condition of the added phosphate by comparing the 
amounts removed by the different solvents after an equal number 
(ten) of leachings, allowance being made for the amounts extracted 
from the check cylinder by the respective solvents. The amount 
dissolved from the imfcrtilizcd soil (i. e., the che(*k cylinder) must 
be taken into consideration because the quantities of phosphoric 
acid removed by different acids from the check cylinder may bear 
(as in this experiment) no constant relation to that extracted from 
the fertilized soil. The results for the NPK cylinder in sod are 
shown in table 4. 


Table 4.^; — Phosphoric acid (P 2 OB) dissolved from the surface soil of the NPK 
cylinders expressed as a percentage of the residua of the amount applied 

IN SOD 


Distilled water... 
0.1 N acetic acid. 
0.002 NH3SO4... 
O.2NHNO3-.. . 
0.17 N citric acid. 


Distilled water.. 
0.002 NmsOi... 
0.17 N citric acid. 


Solvent 


Indicated method of 
calculation 

Percentage 
of residua 
applied 
PaOj dis- 
solved 

1,03# 

33.5 

441.4-13.6 

1.089 

41.2 

'^•*"’®®xioo- 

1,039 

51 1 

952.2-252.4 

1,039 

67.3 

1,045.0-248 0 

1,039 

70.9 


IN CULTIVATION 


285.2-6.0 

917 

534.3-21.9 

917 

862.2-246.0 

917 


X100« 

30.4 

XIOO* 

55.9 

xioo- 

66.1 
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The action of a dilute acid upon soil is not a simple action of attack 
of an easily soluble phosphate followed by a more difficultly soluble 
phosphate nor, mdeed, as already pointed out, is the action 

of a dilute acid constant {S8). Rather does extraction with the 
different weak acids result in a condition of equilibrium which 
modifies the initial partition of phosphoric acid in the solid and liquid 
phases. If the amount of phosphoric acid in the liquid phase is 
sufficijsntly high the solution will give up phosphoric acid to the soU, 
and vice versa. There must eidst, therefore, a critical concentration 
(9) ; this critical concentration is different for different acids, low for 
acetic and nitric acids and high for citric acid {10). This critical 
concentration depends on the phosphorus reserves of the soil and also 
on the “fi^g” power. It is also clear from Russell and Prescott’s 
{S8) experiments that no definite fraction of the phosphates present 
is obtained by extraction with dilute acids but only that part expressed 
as the difference between the amount dissolved and absorbed. For 
all these reasons it is not possible by such means to separate each of 
the different phosiihorus compounds — to separate, for example, the 
phosphates of calcium from one another — ^by treatment of such an 
adsorption substrate as a soil with different dilute acids, as some 
investigators have attempted to do. 

One may, however, from the data of table 4 conclude that one- 
third of the residual applied phosphoric acid from the NPK cylinder 
in sod remained (under conditions of continuous leaching) in a condi- 
tion soluble in water, one-third has been transformed into somewhat 
less soluble compounds, and one-third (100 — 67 percent) into very 
difficultly soluble compounds. 

The results for the surface 0 to 7 inches of the phosphate-treated 
cylinder under cultivation are of the same order of magnitude for the 
distilled water and sulphuric-acid extractions, viz, 30.4 and 55.9 
percent, respectively. But the percentage of the amount residual 
m the surface layer under cultivation dissolved by citric acid is only 
66.1 compared with 76.9 from the correspondingly treated cylinder 
under sod. This apparently anomalous result wul be reserved for 
later discussion. 

The first and second distilled water percolates of the surface 0 to 7 
inches of the treated cylinders, both in the sod and in the cultivation 
systems, contain as much as 13.5 and 7.9 percent of the residual 
amounts applied durfng the course of this experiment. This fact 
suggests that the amounts added may have been more than sufficient 
to saturate the aluminum and iron hydroxides in these surface layers. 

The difficulty soluble compounds into which the soluble phosphate 
has in part been transformed must be more difficultly soluble than 
chemically pure ferric phosphate. This may be deduced from the 
results given in table 5, in which are shown the results of percolation 
experiments in which chemically pure ferric phosphate, aluminum 
phosphate, and tricalcium phosphate were each mixed with the ordinal 
soil m amounts equal to the application of phosphoric acid to the 
phosphate-treated cylinders. Table 5 gives the percentages of 
phosphoric acid removed by the different solvents. 
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Table 6 . — Phosphoric acid (P2O6) removed by the percolation method from c. p. 
ferric phoaphatCy c. p. aluminum phoephatCy and c. p. calcium phosphate mixed 
with the original** soil 


Solvent 

pH 

FeP04.4n30 

AIPO 4 

Ca3(P04)a 

Extrac- 

tions 

Re- 

moved 

Extrac- 

tions 

Re- 

moved 

Extrac- 

tions 

Re- 

moved 



Number 

Perunt 

Number 

Percent 

Number 

Percent 

BlsUWed water - 

5.5 

10 

0 

10 

14 

10 

21 

0.002 N sulphuric acid 

3.0 

10 ' 

0 ' 

10 ' 

32.6 

4 

100 

O.l N acetic acid 

2 8 

10 

7.9 

10 

66 

6 

100 

0.17 N citric acid - 

2.2 

8 

100 

10 

100 1 


100 

0.2 N nitric acid 

0.7 

15 

100 

10 

100 

2 

100 


Tlio results are similar to those obtained by Heck (36) and also ore 
in accord with Gaarder’s scheme (31). Relative to the comment 
given on pa^e 333, it may be added that the nearest information that 
can he obtained with respect to the proportions of the various phos- 
phates existing in the phosphate-treated cylinders is through a com- 
parison of the data of table 5 with those of table 4. 

CONDITION OP THE PHOSCHOBUS IN THE LOWER HORIZONS 

Neither water nor 0.002 N sulphuric acid leached out any phos- 
phoric acid from the oiiginal soil. The native phosphorus of these 
soils is, therefore, not soluble in these solvents. Citric, acid removed 
somewhat more than nitric acid from the lower layers of the original 
soil. 

Percolation with water also removed only minute quantities from 
the lower horizons of the phosphate-treated (and the untreated) 
cylinders. One-percent citric acid has dissolved greater quantities of 
phosphoric pud than 0.2 N nitric acid. 

The condition of the phosphoric acid that moved from the surface 
soil into the subsurface of the phosphate-treated cylinder under cul- 
tivation is easily traced. Water removed none of it; Truog’s solvent 
dissolved approximately 20 percent and citric acid about 80 percent 
of it. 

EFFECT OF THE OUOWTH OP TREES ON THE SOLUBILITY OP THE NATIVE PHOSPHORUS 

More phosphoric acid was dissolved from the surface soil of the 
check cylinders than from the original soil by all solvents. The 
increase is very marked with citric and also with nitric acid; the rela- 
tive increases are 51.2 and 55.4 g, respectively, for the cylinder under 
sod Inasmuch as these increments are much greater than the 
amounts of phosphoric acid contributed in the cover crops (p. 322), 
the native phosphorus of the soil must have been made more soluble 
during the growth of the trees. 

THE ORGANIC PHOSPHORUS 

A number of methods have been proposed for determining the 
orgamc phosphorus of soils, but none has yet met the criteria of 
validity indicated by Frear and White {20) in 191 1 . In these cylinder 
experiments the organic phosphorus of even the phosphate-treated 
pots under cultivation as determined by Schollenberger^s method 



Aug. 15 , im Phosphorus in Soil Planted to Apple Trees in Cylinders 335 

{ 41 ) represented only about 1 percent of that applied as monocalcium 
phosphate. The organic phosphorus is, therefore, relatively insignifi- 
cant as compared to the amount of phosphoric acid applied. 

THE ‘‘FIXING** CAPACITY OF SOILS 

The writer has detennined the fixing capacity of the original Hagers- 
town soil by many of the different methods proposed to deterniine 
this property (f5, 16, 18, 25). It is unnecessary, however, to record 
the results, inasmuch as no additional information was secured 
beyond that already recorded — a fact which lends further support to 
the suggestion (p. 333) that the amounts of phosphate applied during 
the course of this experiment were more than sufficient to saturate 
the iron and aluminum hydroxides. The fixing capacity of any 
one soil type is, as already indicated, a relative and not an absolute 
property; the amount retained is conditioned not only by the con- 
centration of the phosphate ions and the concentration with respect 
to other elements, especially those of hydrogen, silica, iron, aluminum, 
calcium, and m^nesium (»9, 32), but also by temperature and by time 
{15, 39, 56). The results for the* same soil will, therefore, differ 
with the laboratory procedure with respect to the latter factors. If 
the fixing capacity of different soil types is to be compared, the method 
described by Demolon and Barbier {10) should receive the attention 
of investigators. 

The ability to fix phosphorus cannot be unrelated to the form of 
the phosphate. Wrangell {52) is probably correct in maintaining 
that the concentration of the soil solution with respect to phosphate 
ions depends to a greater extent upon the absorbing capacity of the 
soil than upon the structure and composition of the applied phos- 
phate, for the soil solution has, in all cases examined by Wrangell, a 
greater concentration with respect to PO 4 ions when treated with 
tricalciuju phosphate (and also rock phosphate) than witii nionocal- 
cium phosphate. Deductions, however, relative to the availability 
of phosphates cannot be made from such observations, for, althougli 
relatively insoluble phosphates are fixed more slowly than the more 
soluble pliosphates, they are less efficient in supplying available phos- 
phorus to plants {39) -a conseiiueiice apparently of solid phase 
feeding. 

SUMMARY 

The distribution of phosphoric acid (P 2 O 5 ) in three horizons at the 
conclusion of an experiment lasting 6,^2 yearn on a Hagerstown clay 
loam soil, contained in cylinders planted to apple trees, and treated 
with different combinations of sodium nitrate, monocalciiim phos- 
phate, and potassium sulphate, are given in percentage and in absolute 
amounts. 

In all the phosphate-treated cylinders the total (i. e., absolute) 
amounts of phosphoric acid of the surface soil was greater in the 
cylinders under sod than in those under cultivation. But in the sub- 
surface layer (7 to 21 inches) the absolute amounts of phosphoric 
acid present were considerably smaller in the cylinders under sod 
than in those under cultivation. The downward movement of phos- 
phoric acid into the subsurface layer in the cylinders under cultivation 
18 equivalent approximately to 10 percent of the phosphoric acid added. 

24536—35 4 
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Tiiere is no evidence of movement of phosphoric acid into the sub- 
surface layer in the cylinder under sod and none into the subsoil 
(21 to 53 inches) of the cylinders either under cultivation or under 
sod. 

An explanation advanced is that the differences in the movement 
phosphorus in the two culture systems is for the most part the result 
of the mobilizing effect of humic acids. 

A simple and compact percolation apparatus is described by the 
use of which the quantities of phosphoric acid removed in successive 
leachates from the original soil before the trees were planted and in 
the soils from untreated and phosphate- treated cylinders by various 
weak acid solvents were obtained. The results of these extractions 
are as follows: 

In the phosphate-treated cylinders at least one moderately soluble 
phosphate was present which dissolves in proposition to the mass of 
it in the soil. 

Not a trace of phosphoric acid was found in the leac^hates from any 
horizon of the original soil (soil before trees were planted) either by 
distilled water (pH 5.5) or by 0.002 normal sulphuric acid (pH 3.0). 

Thirty-three percent of the phosphoric acid applied to the phosphate- 
treated cylinders was still soluble in distilled water at the end of the 
7-year experiment. One-third remained in a condition of moderate 
solubility and one-third was converted into basic iron and aluminum 
compounds more difficniltly soluble than ferric phosphate. 

There was a conversion into difficultly soluble phosphates of that 
portion of the applied phosphoric acid that had moved into the sub- 
surface layer in the cylinder under cultivation. 

A marked increase was observed in the availability of the phos- 
phoric acid of the soil in the check cylinders over that of the original 
soil. 
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A COMPARISON OF LEPTOSPHAERIA SALVINII AND 
HELMINTHOSPORIUM SIGMOIDEUM IRREGULARE* 

Liy tit Crallbsy^ dsststdfit pldtit pdtholoQtstf /l.Tkdti8dH ^QriculiuTdl lUxpcfimcTit 

Siationf and E. C. Tullis, dgentt Division ojf Cereal Crops dnd Disedsesy Bureau 

of Plant Industry^ United States Department of Agriculture 

INTRODUCTION 

It has been shown previously (Oy that Leptosplmria sdmnii Catt. 
on rice has a conidial stage, originally described as Helminthosponum. 
nigmoleU'um Cav. (3), and a sclerotiul stage, originally described as 
Sderotium oryzae Catt. (/, 2). This fungus occurs "on rice in Ar- 
kansas, California, Louisiana, and Texas in the United States and 
has been reported also from Italy, Japan, India, the Philippine 
Islands, Bulgaria, China, and Cochmchine. 

For the past 3 years the writers have observed a similar yet dis- 
tinctly different fungus on rice in Arkansas, Louisiana, and Texas. 
This fungus hp a conidial stage which is veiy similar to Helmintho- 
Hporium sigmoidmm and a sclerotial stage which is distinctly different 
from that originally described by Cattaneo as Sderotium oryzae. 
As no perithecial stage has been observed for the fungus it has been 
described as II. sigmoideum var. irregvlare (4). It was described as 
a variety rather than as an independent species because of the 
similarity of the conidiu to those of //. sigmoideum. The differences 
are chiefly in the sclerotia. 

The symptoms and seasonal development of the disease caused by 
Ilelmiuthosporium sigmoideum irregulars are similar to those of the 
stem rot caused by Leptospliaeria salvinii as previously described 
(S, 10) except that in most instances the severity of the disease 
caused by the former fungus is not so groat as that caused by the 
latter. It is the purpose of the present paper to describe the new 
fungus more adequately and to compare it with the corresponding 
stages of L. salvinii as previously described. 

DESCRIPTION OF HELMINTHOSPORIUM SIGMOIDEUM VAR. 

IRREGULARE CRALLEY AND TULLIS 

Mycelium.- — Hyphae white to olivaceous, septate, profusely branched, 2 m to 
5m in diameter. In culture, aerial ftiycelium usually scanty, submerged mycelium 
dark. On host, mycelium scanty. Numerous appressoria produced at times. 

Sderotial stage. — -Sclerotia very numerous, irregular in outline, black, surface 
rough, 90m to 119m by 268 m to 342m. Habitat, leaf sheaths and culms of rice, 
Oryza satim L. 

Conidial stage. — Conidiophores dark-colored, septate, erect, simple, 4 m to 6 m 
by 76m to 200m; conidia borne singly on sharp-pointed sterigmata, fusiform, 
typically three-septate, frequently with germ tubes 2 or 3 times the length of the 
spore on spores still attached to the conidiophore, intercalary cells densely granu- 
lar, terminal cells less granular than intercalary cells, 9m to 12m by 41m to 58m- 
Habitat, leaf sheaths of rice and on sclerotia floating on water. 

■ Received for publication May 28, 1S36; issued October 193S. A folnt contribution from the U^rt- 
nient of Plant Pathology, Arkansas Agricultural Exiwlmcnt Station, and the Division of Cereal Crops 
and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture. 
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COMPARATIVE MORPHOLOGY OP LEPTOSPHAERIA SALVINII AND 
HELMINTHOSPORIUM SIGMOIDEUM IRREGULARS 

Cultures of Helminthosporium sigmoideum irregulars from rice in 
the United States, Japan,® and the Philippine Islands ^ have been 
studied and all found to be essentially the same. Conidia occurred 
in all cultures but most abundantly in those from Louisiana and 
Arkansas in the United States and from Saga, Japan. The sclerotial 
stage of tliis fungus also has been reported hy Park and Bertus in 
Ceylon (6*), and a similar, or perhaps identical, fungus has been 
described in Japan by Sakurai (7) as Sclerotium no. 3. 

The sclerotia of Leptosphaeria sahnnii (Selerofiim oryzae) were 
oiiginall}^ des(‘ribod by Cattaneo (1) as being spherical and measuring 
350/x to 4()()/i in diameter. Specimens of cotype material® in the 
mycological collections of the Bureau of Plant Industry, United 
States Department of Agriculture, shown in figure 1, A, B, have been 
examined, and the material agrees in general with the original de- 
scription except that the sclerotia range from about 19 ()m to 310iLi in 
diameter. These measurements agree in general with those given 
by Tisdale (8) and Tullis (9) for the sclerotia of the fungus in the 
United States. 

The sclerotia of Helminthosporium sigmoideum irregulars dilfer from 
those of Sclerotium oryzae not only in being irregular but also in being 
distinctly smaller. They measure only 90m to 110m by 268m to 342 m. 
Morphological differences in the sclerotia of Ijeptosphaeria saltnnii 
and H. sigmoideum irregulars are shown in figures 2, /I, B, and 3, 
AjB, 

Sclerotia of Leptosphaeria salvinii and Helminthosporium sig- 
moideum irregulars in culture are shown in figure 4, A, B, The 
most striking difference between them is that the sclerotia of IL 
sigmoideum irregulars usually are embedded in the medium and are 
formed as irregular masses on the radiating strands of the hyphae, 
whereas sclerotia of jL. salvinii are spherical or nearly so and are 
formed individually and as abundantly by the aerial as by the 
submerged hyphae but not in radiating rows. 

The conidia of Helminthosporium sigmoideum irregulars are similar 
in appearance and size to those of Leptosphaeria salvinii^ as is shown 
in figures D, Some conidia of the former tend to produce 

germ tubes from the apex while still attached to tlic conidiophore, 
as is shown in figure 4, E, In some cases this occurs before cross 
walls have formed in the spore. Such germ-tube formation has 
never been observed in the conidia of i. smvinii wliile the spores are 
still attached to the conidiophores. When grown in artificial cul- 
ture, frequently one or more septa in the spores of H, sigmoideum 
irregulars are lacking, so that the spores are not so unifonmy three- 
septate as are the conidia of L, salnnii. A count was made of the 
septation of 53 spores of H, sigmoideum irregulars in a culture from 
Arkansas. The results were as follows: Spores witliout septa, 25; 
spores with 1 septum, 2; spores with 2 septa, 10; spores typically 
three septate, 16. Of this number, 50 had germ tubes and 3 had 
none. Cultures from single conidia of L, salvinii with few exceptions 
have produ ced only the conidial stage of the fungus, even after 

> Received from Dr. K. Nakata, Kyushu Imperial University, Fukuoka, Japan. 

* Received from D. T. G. Fajardo, Philippine Bureau of Science, Manila, P. I. 

» Radenrorst, L. funoi KUROPABi EX8ICCATI. Ed. nova, ser. 2, Cent. 5, no. 2460. Dresdae. 1876. 
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numerous successive transfers, whereas cultures from single conidia 
of H. aigmoideum irregvlare consistently have produced ^lerotia at 
first and conidia later. - 

Numerous attempts have been made to determine whether typical 
spherical sclerotia of Leptoaphaetia aalvinii might be produced by 
transfers of sclerotia or conidia of Helminthoaporium aigmoideum 
irregvlare or from isolations of the fungus from diseased plants, but 
the attempts have given negative results. Other experiments were 
made in which H. aigmoideum irregvlare was grown on various media, 
incliKling sterilized rice straw and rice-straw ground and incorporated 
in agar of various kinds, in attempts to produce the sclerotia typical 



Figure 4. -A, Portion of a colony of Lepf 09 phaeria nalvinii growing on oorn-meal agar. X 1 5; B, {jortion of 
a colony of Ilelmtntho»porium tigmoidrum irregulare growing on corn-meal agar. X l.fi, C, conidia of //. 
sinmoidfum irregulare. X 321); D, conidia of L aalrtnii. X 400, conidia of II. sigmoideum irregvlare 
with germ tubes. X 320. 

of L, salmnii. In all cases^ regardless of the appearan^ of the sclerotia 
on these media, no sclerotia typical of L. salmnii were produced 
when transferred back to corn-meal agar. H, sigmoideum irregulare 
produced conidia readily on an agar composed of 1 percent pectin 
and 4 percent agar. 

In a previous paper {10) the writers described the production of 
conidia by sclerotia of Leptosphaeria salmnii floating on water. 
flelminthosporium sigmoideum irregvlare also produces conidia under 
these conditions. Sclerotia from Louisiana and from plants infected 
with the culture received from Saga, Japan, were used. The first 
conidia were produced in 7 and 20 days, respectively, and conidial 
formation continued for 5 months, at which time the experiment was 
discontinued. During this period as many as 40 conidia were pro- 
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duced by some of the sclerotia. Individual sclerotia of L. salvinii 
under similar conditions in the same period have produced as many 
as 75 conidia. 

Since this manuscript was prepared for publication the attention 
of the writers has been called to a book by Nakata (5) on crop dis- 
eases,* published in Tokyo, September 15, 1034. In the discussion of 
these diseases, Nakata describes as Hdminthosporium s^moideum 
Cav. the fungus with irregular sclerotia, which the writers have 
^described (4) as H. sigmoideum irregulare; and he describes as II. 
sigmoideum var. microsphaeroides Nakata the fungus with spherical 
.sclerotia, which has been shown to be Leptosphaeria salnnii Catt. 

As previously shown (W), and again pointed out in the present 
paper, the fungus with spherical sclerotia, Leptosphaeria salmnii 
Catt., has Sclerotium oryzae Catt. as its sclerotial stage and Hd- 
minthospoHum sigmoideum Cav. as its conidid stage. On the basis of 
the descriptions and measurements of sclerotia and conidia given by 
Nakata (5, p. 2Ji), it is evident that his II. sigmoideym, microsphaeroides 
is identical with the sclerotial and conidial stages of L. salmnii. 
Furthermore, the writers have secured a culture from Institut voor 
Shimmelcultures at Baam, Netherlands, wliich had been supplied 
by Nakata. This culture was labeled Sclerotium oryzae, and in 
all essentials is identical with cultures of L. salmnii from the United 
States, India, and the Philippine Islands. It is evident, therefore, 
that the name of this fungus should be L. salmnii Catt. 

From the descriptions and measurements of sclerotia and conidia 
given by Nakata (5, p. 22) for the fungus with irregular sclerotia, it 
IS clear that the fungus which he has included under the name Ilel- 
minthosporium sigmoideum Cav. in reality is the fungus wliich the 
writers have described as II. sigmoideum var. irregulare (4). Cultures 
of “H. sigmoideum" supplied the writers by Nakata are identical 
with cultures of the fungus which they have described as H. sig- 
moideum var. irregulare. Even the characteristic germ tubes of the 
conidia are identical. The formation of germ tubes by the conidia 
while still attached to the conidiophores, is a characteristic of the 
conidia of H. sigmoideum var. irregulare not foimd in those of Lepto- 
sphaeria salvinii. These germ tubes have been observed by the writ- 
ers on numerous occasions on conidia from the cultures received from 
Nakata as “H. sigmoideum." It is evident, therefore, that the fun- 
gus which Nakata has called II. sigmoideum Cav., is identical with 
that which the writers have described as H. sigmoideum var. irregulare 
and that the true H. sigmoideum Cav. is the conidial stage of Lepto- 
sphaeria salvinii Catt. 

According to the above interpretation, the synonymy for these two 
fungi is as follows: 

(1) Leptosphaeria salvinii Catt. Synonyms for conidial and sclerotial 

stages: 

Helmirdhospotium sigmoideum Cav. 

Helminthosporium sigmoideum Cav. var. microsphaeroides Nakata 

Sclerotium oryzae Catt. 

(2) Helminthosporium sigmoideum Cav. var. irregulare Cralley and TuUis. 

Synonym: 

Helminthosporium sigmoideum Nakata, not Cav. 

> Sabuto Kataurn has kindly translated portions of the text dealing with the sclerotial diseases of rice. 
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PATHOGENICITY OF HELMINTHOSPORIUM SIGMOIDEUM 

IRREGULARE 

Inoculation experiments were conducted to test tbe pathogenicity 
of Hehninihoaponum sigmoideum irregvlare and also to test its ability 
to produce conidia on the host. 

Inoculation tests were made in the laboratory and in the greenhouse. 
The first inoculations were made by placing bits of mycelium on agar 
adjacent to single sterile seedlings of Supreme Blue Rose rice growing 
on corn-meal agar in test tubes. The results of these inoculations 
are shown in table 1. 

Ninety-day-old plants of Supreme Blue Rose growing in the green- 
house in stoneware jars were inoculated in duplicate with 8 cultures. 
Inoculations with 7 cultures were made by inserting bits of 
mycelium on agar imder the outer leaf sheaths. Inoculation with 
culture 8 was made by scattering sclerotia on the surface of the 
water. The source of the cultures and the results of these inoculations 
are shown in table 2. 


Tabi^k 1. — Resulin of inoculation of rice seedlings growing under aseptic conditions 
on corn-meal agar m test tubes with 6 cultures of Helminthosporium sigmoideum 
trregulare 


Source of culture 

Japan: 

Kuniauiolo 

Okayama 

Hiroshima . .. 

Saga 

Plants in- 
oculated 1 

Plants 

infected 

Source of culture 

Plants in- 
oculated > 

Plants 

infected 

Number 

4 

4 1 
4 

4 

Percent 

100 

100 

300 

100 

United States: 

J,K)uisiana (Crowley) 

Arkansas 

Control, 12 plants not 
inoculated,--. 

Number 

4 

10 

Percent 

100 

100 

u 



1 


1 The conidml stage was not observed on any of the inoculated dead plants. 


Table 2. — Results of inoculation of Supreme Blue Rose rice plants in the greenhouse 
with sclerotia of the various cultures of Helminthosporium sigmoideum irregulare. 


1982-33 


Cul- 


Plants 


1 

Cul- i 


Plants 



(ure 

8oiir(» 

inocu- 

Plants infected 

ture 

Source 

inocu- 

Plants infected 

No. 


lated 



No. 


lated 




Jai>an • 

Number 

Number 

Percent 


JaiMin: 

Number 

Number 

Percent 

1 

KunmtnoU).- 

23 

8 

18.0 

6 

Fukuoka 

25 


.0 

2 

Okayama 

28 

1 

3.6 

7 

Okaj^ima 

71 

12 1 

10.0 

8 

Hiroshima- -- 

«7 

Utt 

28.4 

8 

Arkansas 

232 

109 

42.7 

4 

Saga - 

01 

1 5 

8 2 






fi 

Louisiana 

212 

112 

52.8 


Average - 

- — 



34.0 







Control, 61 plants 



' 







not inoculated-- 



0 

.0 


1 Typical conidia of 11. sigmoideum irrtgulare were produced on these infected plants. 


Nearly 35 percent of the total number of plants inoculated becajiie 
infected. As compared with the rather high percentage of infection 
obtained from the cultures from Arkansas and Louisiana 42.7 and 
62.8, respectively — the percentages of infection from those obtained 
from Japan were rather low and irregular, ranging from 0 to 28.4. 
However, the number of plants inoculated with these cultures was not 



348 


Journal of Agricultural Research voi. 6i, no. 4 , Aug. 15 , 1035 


large, and the cultures may possibly have been rather oW. The results 
demonstrate, however, that Helminthosporium sigmoideum irregulare 
is able to infect healthy plants and to produce in and on them sclerotia 
and conidia similar to the forms used in the inoculations. The fungus 
was reisolated from the diseased plants. 

SUMMARY 

A description of Helminthosporium sigmoideum var. irregulare is 
presented. 

A comparison of the morphology of Leptosphaeria salvinii and 
Helminthosporium sigmoideum var. irregulare is given and the patho- 
genicity of the latter on rice is shown. 
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COMPARATIVE TOXICITY OF ANABASINE AND NICOTINE 
SULPHATES TO INSECTS ’ 


I{y Joseph M. Ginsbukg, hiochemlH in cnUmiologn, John li. Schmitt, aiul Philip 

(JUANKTT, rcHvarvh imintanU, A’w Jersey AgriatHural Experivunt station 

HISTORICAL REVIEW 

Within the last few years the Government of the Union of Soviet 
Socialistic Republics has placed anabasine sulphate on the American 
market as a new contact j)oison sellinji: at a j>rice considerably lower 
than nicotine sulphate. Anabasine is an alkaloid jiresent in the 
stems and leaves of Annhaai^ apht/Jla L., a member of the Cheiiopo- 
diaceae. It is somewhat similar to nicotine in its structural formula 
and has the same empirical formula Anabasine is con- 

sidered an isomer (7)^ of nicotine. Ijike nicotine, it can be readily 
extracted from the ])lant and converted into a sulphate. 

Aphylla is only one of a lar^e number of species belonpiig to the 
^enus Amlxmts, It is a jierenniaf weed growing {10) in northern 
Africa, Russia, Armenia, and in the nei^hborinjr countries. At- 
tempts are at present beinjr made to cultivate it on the North Amer- 
ican continent. The amount of alkaloid varies from a fraction of 1 
jiercent in old twigs and thick leaves to more than 2 percent in young 
succulent twigs and young growing leaves. The commercial product 
anabasine sul])hate contains apjiroximately 40 percent of total alka- 
loids, of which about 70 percent is anabasine (7, 7). the remainder 
being lujiinine, other higher alkaloids, and miscellaneous plant 
material. 

It may be of interest that not long before Orechoff and Menschi- 
kotf (<^) had isolated anabasine from the ])lant. Smith (/>) synthe- 
sized, in ItKlO, the alkaloid /^-pyridyl-a-pi])eridine, which he called 
‘•neonicotine/" and which he later (/i) found to be chemically the 
same as the natural anabasine. The only ditference between the 
two is that neonicotine is optically inactive while anabasine is 
levorotatory. Smith, Richardson, and Shepard (iJ) found neonic- 
otine as toxic to Aphis ntmids L. as nicotine. 

Garman (:?, .7, .{) re])orts that both anabasine and anabasine 
suljduite are more toxi(* to ajihids than are nicotine and ni(*otine 
sulphate. In his experiments, dilutions of 1 pint of either ana- 
basine sidphatc oi* nicotine sulphate to 100 gallons of water pro- 
duced equally high control of tlie white apple leafhopper. On the 
other hand, Campbell, Sullivan, and Smith (i) found anabasine 
less toxic; than nicotine to culicine moscpiito larvae. 
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EXPERIMENTAL WORK 

In May 1931 the senior writer tested the toxicity to honeybees of 
anabasine sulphate received from the Amtorg Trading Corporation. 
Applied as a contact spray, concentrations of 0.2 and 0.1 percent 
killed 100 percent of the bees within 24 hours. When the proper- 
ties of anabasine, as an internal poison, were tested by allowing the 
bees to feed on honey containing 0.2 percent of anabasine suljmate, 
only about 10 percent died within the same period. On the other 
hand, in a previous publication (J) the senior writer reported high 
percentages of kill of bees fed on lioney containing 1 part of nico- 
tine, in the form (^f nicotine oleate, to 3,200 parts or honey mix- 
ture. These preliminary results suggestecl that anabasine is much 
more effective as a contact jioison tlian as a stomach poison. 

Experiments with anabasine sulphate Avere resumed during the 
summer of 1934. Since nicotine is largelv used in agricultural 
sprays to control aphids, the major jiart ox this investigation was 
devoted to comparing the aphicidal properties of the two insecticides. 
The samples used in these tests contained 40.5 percent and 40 percent 
total alKaloids for nicotine sulphate and anabasine sulphate, re- 
spectively, as stated in the (hemical analysis submitted by the 
manufacturers. 

The tests with various dilutions of anabasine sulphate and nicotine 
sulphate were conducted on several species of aphids, on silk im^th 
larvae, and on grasshoppers. The toxicity to insects was determined 
by methods previously described {C ) ; 90 ])ercent kill or higher was 
considered efficient (control. 

TESTS ON APHIDS 

The following species of aphids Avere used in tliese tests: Aphiif 
pomi l)e G., on apple; Aphh nmiich^ Lin. on nasturtium; Macro- 
mph/imh romc Lin. on roses; Macnmphmviella sanbom! Gill and 
Rhopiilosipham rafoTrwcvlafa WiLs., on chrysanthemum. In order* lo 
spread and wet efficiently, each sjiray solution had added to it 0.2 
percent of coconut-oil soap. Several series of tests were run for* 
each dilution. The average re>fults are re])orted in the tabh^s. 

LABOItATORY TESTH 

Check tests with the Avetting agent alone have shown that 0.2 pei*- 
'(‘cnt of soap killed approximately 14 peiwnt of the green apple 
aphids {Aphh 21 wroent of the nasturtium aphids {A. 

/TOwim), and 13 j)ercent of majcrosiphfum rosac. The concentrations 
of the spray mixtures ranged from 1 pint to one twenty-fourth of a 
pint j)er 100 gallons. The high dilutions, although not practical, were 
necessary in order to evaluate the differences lietween the toxicity of 
the two alkaloids. The results from tests on the aphids are set forth 
in table 1. A comparison of the results with apple and nastiutium 
aphids reveals no distinct differences in toxicity of the two insecticides 
in concentrations of one-half or one-third of a pint per 100 gallons, 
the percentage of kill being 90 or better in each case. At concen- 
trations of one-sixth and one-twelfth of a pint the results were 




A<W. IS, 1935 


ComparaHve Toxicity oj Sulphates to Insects 


351 


decidedly higher, on both species of aphids, with anabasine sulphate 
than with nicotine sulphate. The rose aphids were more resistant 
to both anabasine and nicotine, 1 pint of anabasine sulphate being 
required per 100 gallons to produce about a 90 percent kill; the per- 
centages of dead rose aphids were consistently higher with anabasine 
sulphate than with nicotine sulphate. 

Table 1. — Toxicity testa with anabasine and with nicotine sulphates on green- 
apple aphids (Aphis pomi), nasturtium aphids (A. rumicis), and rose aphids 
(Macrosiphum rosae) 


Insecticide in 100 gallons of 
spray » (pints) 

Qreen-apple aphids 

Nasturtium aphids 

Rose aphids 

Total 

insects 

Dead after 
24 hours 

Total 

insects 

Dead after 
24 hours 

Total 

insects 

Dead after 
24 hours 

Anabasine sulphate; 

Number 

Percent 

Number 

Percent 

Number 

Percent 

1 

i 




321 

90 3 



888 

M.8 



4^ 

78 4 

H - 

1,342 

97.6 

511 

95 8 

334 

66.0 

H- 

618 

93.4 

322 

90.9 

608 

60.0 

>12 - 

1,098 

66.4. 

447 

78.0 



K>4 

745 

31.0 

370 

53.7 



N icotine sulphate : 







1 





372 

87.6 

H 

1,200 

97.3 



336 

59.0 

H 

1,736 

90.2 

272 

92.6 

471 

52.4 

h 

435 

82.3 

1 272 

86.0 

383 

48.5 

Ha 

1,982 

58 9 

788 

66.7 



H4 

686 

38. 1 

273 

48.7 



Check, 0.2 i)ercent of soap: U.. 

1,338 

14.7 

716 

21.4 

301 

13.0 


1 A concentration of 1 pint of insecticide per 100 gallons of spray represents an approximate dilution 
of the alkaloids of 1 to 2,000. 


Greenhouse Tests 

Several beds of chrysanthemum plants, in a commercial green- 
house, were divided into two parts and sprayed with the two in- 
sec;ticides on August 2, 1934. In each case only one concentration, 
namely, one-third of a pint of insecticide per 100 gallons of spray 
solution, was used. The plants were infested with two different 
species of aphids, the black {Mcivrosiphoiuella Hcmborni) and the 
green {Rhopcdosiphwii rufo^rmculata). After approximately 24 
hours, gross observations showed a practically complete kill of the 
black aphids and an incomplete kill of the gr^n aphids with each of 
the spray mixtures. In order more closely to verify these differences, 
several plants were removed from each plot, and counts of live and 
dead aphids were made. The results, set forth in table 2, show 
100-percent control of black aphids with both spray mixtures. The 
control of green aphids disclosed striking differences in favor of the 
anabasine sulphate, the actual percentages killed being 87.8 for ana- 
basine sulphate and 32.1 for nicotine sulphate. The experiments 
were repeated on August 8 on different chrysanthemum plants in 
the same greenhouse. Only the green aphids were counted. The 
results (table 2) again show high kill with anabasine sulphate and 
low kill with nicotine sulphate. It appears, therefore, from these 
results that anabasine possesses higher toxicity to this species of 
aphids than does nicotine. 


245.36— 8S 5 
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Tablo 2. — Towicity tests with anahasine and with nicotine sulphates^ on two 
species of aphids^ Macrosiphoniella aandomi and Rhopalosiphum rufomacu- 
lata, infesting chrysanthemum plants 


Insecticide tested 

Date of 
spraying 

Black aphids, Macro- 
aiphontella ttanborni 

Green aphids, Rhopalo- 
eiphum rufomaculata 

Total 
insects on 

4 plants 

Dead after 
24 hours 

Total 
insects on 

4 plants 

Dead after 
24 hours 

Anabasine sulphate 

Nicotine sulphate...... 

Aug. 2, 1934 
do 

Number 

297 

173 

Percent 

100 

100 

Number 

296 

205 

31 

329 

Percent 

87.8 

32.1 

87.1 

28.8 

Anabasine sulphate - 

Aug. 8,1934 
do 

Nicotine sulphate. 









> One-third pint of insecticide per 100 gallons of spray. 


TESTS ON CHEWING INSECTS 
Laboratory Tests on Silk Moth Larvae 

The silk moth larva {Bombyx mori L.) has proved to be a satis- 
factory insect-indicator for testing stomach poisons in this labora- 
tory. A comparison of the toxicity of anabasine and nicotine 
sulphates to healthy silk moth caterpillars was, therefore, made. 
Because of the scarcity of the insects at the time of testing, only 
10 insects, all in the fourth instar, were used for each single test. 
In order to eliminate volatility of the alkaloids, 0.1 percent of a 
neutral wetting agent® was added to each spray mixture, instead 
of soap to produce efficient spreading. 

The results, presented in table 3 show that concentrations of 1 
quart of nicotine sulphate to 100 gallons of water gave a 100-percent 
kill in 2 days, whereas anabasine sulphate gave a 30-percent kill in 
3 days. In concentrations of 1 pint to 100 gallons, nicotine sulphate 
gave about 95-percent kill and anabasine sulphate only 16-percent 
kill in 3 days. 

Table 3. — Toxicity tests with anabasine and with nicotine sulphates on 
silk-moth larvae, using 10 larvae per test 


Insecticide tested 


Nicotine sulphate 

Do 

Do 

Anabasine sulphate 

Do 

Do 

Check (0.1 percent of arescap). 
Do 


Insecticide 
per 100 
gallons of 
spray » 

Dead- 

After 

1 day 

After 

2 days 

After 

3 days 

Pints 

Percent 

Percent 

Percent 

2 

90 

100 


1 

40 

90 

*100 

1 

30 


*90 

2 

0 

10 

*30 

1 

0 

0 

*10 

1 

0 

10 

*20 

0 

0 

0 

0 

0 

0 

0 

0 


1 See note, table 1, for approximate dilution of the alkaloids. > Average, 05. 
* Arescap obtained from Monsanto Chemical Co., St. Louis, Mo. 


I Average, 15. 
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Laboratoby Tests on Obabshofpebs 

Adults of a short-horned grasshopper {Melanoplm femur-rubrum, 
De G.), commonly called “red-legged locust’^, collected from a 
meadow near the college campus, were transferred to cages and fed 
on young potted tomato plants, spi’ayed 1 hour previously, with 
various concentrations of nicotine sulphate and anabasine sulphate. 
Twenty insects were used for each test. Each spray solution con- 
tained 0.1 percent of the neutral wetting agent (Arescap). The 
tomato plant is evidently very palatable to this species of grass- 
hopper, since the insects rapidly devoured the leaves on the check 
plants, sprayed only with 0.1 percent of Arescap, so that the plants 
had to be renewed once during the 3 days of testing. The feeding 
on the plants sprayed with the two insecticides, however, was rapidly 
retarded after the first day especially on those sprayed with nicotine 
sulphate, and in neither case was the renewal of plants necessary. 

The results, presented in table 4, show that nicotine sulphate is 
decidedly more toxic to this chewing insect than is anabasine sul- 
phate. At concentrations of 1 pint and 1 quart per 100 gallons of 
spray, nicotine sulphate produced 80- and 90-percent kill, respectively, 
as compared with 40- and 60-percent mortality obtained with the 
same concentrations of anabasine sulphate. 

Table 4. — Toxicitu tests tenth anaha»in€ and uoitli nicotine sulphates on 
grasshoppers, in which 20 insects per test were used 


Insecticide tested 


Nicotine sulphate 

Do 

Anabasine sulphate 

Do 

Check, 0.1 percent of Arescap 


Insecticide per 
100 gallons of 
spray 

Dead 

after 

3 days 

Pints 

Percent 

1 

80 

2 

90 

1 

40 

2 

60 

0 

15 


SUMMARY AND CONCLUSIONS 

Laboratory and greenhouse tests were conducted with anabasine 
sulphate and nicotine sulphate on several species of aphids, silk moth 
larvae, grasshoppers, and honeybees. The results definitely show 
that: 

Anabasine sulphate equals or excels nicotine sulphate in toxicity to 
Aphis rurnicis, A. powf and Macrosiphoniella sofnlxnm/i and is de- 
cidedly more toxic to Ithopalosiph/uni I'ufomaculata and Macrosi- 
phmnrosae. 

Anabasine sulphate possesses very little toxicity as a stomach 
poison against silk moth larvae, while nicotine sulphate proved 
highly toxic to this insect. 

Anabasine sulphate was decidedly less toxic to grasshoppers, ap- 
plied as a stomach poison, than was nicotine sulphate. 
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THE TOXICITY OF OPTICALLY ACTIVE AND INACTIVE 
DIHYDRODEGUELINS ‘ 

By W. A. Gbrbsobff 

Attutaid chemist, Division of Insecticide Investigations, Bureau of Entomology 
and Plant Quarantine, United States Department of AgrieuUure 

INTRODUCTION 


During a study of toxic constituents of derris root other than 
rotenone, Haller and LaForge prepared two dihydrodeguelins, one 
optically active and the other optically inactive (7)} Since the 
physiological action of a compound may depend on its configuration 
as well as on its chemical constitution, it was considered of value to 
study these two derivatives toxicologicafiy. 

Although Haller and LaForge found the 'Meguelin concentrate^^ — 
the amorphous residue left after separation of the rotenone and toxi- 
carol present in petroleum ether extract of derris root — to be strongly 
levorotato^, they were unable to obtain crystalline active de^uelin 
from it. Thus, the inactive mo^cation was the only form available 
for comparative purposes. This compound was prepared by these 
workers by treatment of deguelin concentrate with alkali. However, 
the sample of inactive deguelin (melting point 171° C.) used in the 
following study was prepared by Clark (i). Its constitution (2) 
is expressed by the formula: 


CHiO 



1^ catalytic hydrogenation of deguelin concentrate Haller and 
LaFoige (7) obtained levodihydrodeguelin (melting point 155°- 
156° 0.). After separating the portion that crystallized out, they 
isolated as the inactive form (meltmg point 171°) the dihydrodeguelin 
remaining in the mother liquor by alkali treatment and subsequent 
crystallization. The structure oi these dihydro derivatives differs 
from that of deguelin only by saturation with hydrogen at the double 
bond in the chroman system, thus: 

CH3 


cm 
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It is the presence of tins system instead of the benzofuran system 
which differentiates these compounds from their isomers, rotenone 
and dihydrorotenone (8). 

EXPERIMENTAL PROCEDURE 

The method used in studying the toxicity of these compounds has 
been described previously (S). Goldfish of the same lot, weighing 
from 2.7 to 3.7 g each, were used in all the tests, and a constant 
temperature (27° C.) was maintained. For comparative purposes 
tests were also made with rotenone. In addition, because a definite 
relationship has been established between certain dihydro derivatives 
of rotenone and their parent compounds, it was thought of interest 
to make tests with deguelin. 

RESULTS 

The toxicological data are given in table 1. The survival-time 
curves and the velocity-of-fatality curves, which are plotted from 
these data, are given in figures 1 and 2. 

Table 1. — Toxicity of rotenonCy degueliriy and active and inactive dihydrodeguelins 
to goldfish at 27.0° ±0,2° C. 

^®‘^°survival 
time 


8 06 

7.98 

7. 14 

6.86 

6.93 
5 63 
4 78 

4.20 

3.91 
2 76 
1.95 
1 27 

6.91 
6.03 
6. 73 
5.25 
4. 61 
3.75 

3. 17 

2.36 
8. 13 
7. 72 
6.90 
6.84 
6.46 
5.32 

4.36 

4.21 
3.10 
2.24 
».65 

6.36 
5.68 

5.15 

4.94 
4. 12 
3. 71 

2.98 
2.24 

1. 17 

1 Estimated from length, which measurement excludes the tail. 

* Fishes not measured but of same approximate size. 

• 6 fishes survived 17 hours; 4 fishes were apparently unaffected after 48 hours. These figures are only 
approximate, since a large number of fishes would be required to give an accurate mean value. The recip- 
rocal of the survival time of a fish surviving the test is taken as zero, since the reciprocal of any survival 
time longer than the test would be negligibly small. 


Compound 

Concen- 

tration 

Fishes 

used 

Mean 
length 
of fisbes 

Mean 
weight 
of fishes ‘ 

Mean 

survival 

time 


Milligram 


Milli- 




per liter 

Number 

meters 

drams 

Minutes 


0.900 

14 

46 

2.9 

127 


.600 

16 i 

48 

3.3 

131 


.500 

13 

48 

3 3 

144 


.400 

12 

48 

3.3 

149 


.300 

12 

49 

3.4 

154 

Rotenone 

.200 

13 

46 

2 9 

192 

. 150 

13 

48 

3.3 

229 


.120 

11 

46 

2 9 

250 


.100 

27 

47 

3.1 

280 


075 

13 

48 

3 3 

377 


.050 

12 i 

48 

3.3 

540 


. 030 

12 

50 

3 7 

780 


.700 

9 

48 

3.3 

152 


.400 

12 

47 

3.1 

168 


.300 

11 

49 

3.5 

181 

Deguelin 

.250 
. 200 

34 

46 

48 

48 

3.3 

3.3 

204 

238 


.150 

34 

47 

3.2 

299 


.120 

11 

48 

3.3 

380 


.100 

14 

48 

3.3 

455 


.900 

10 1 

47 

3 0 

126 


.500 

12 

45 

2.7 

132 


.400 

15 

45 

2 7 

147 


.:ioo 

11 

47 

3.0 

154 


.250 

16 

47 

3.1 

159 

Active dihydrodeguelin 

.200 

27 

48 

3.3 

199 


.150 

13 

47 

3.1 

242 


.120 

11 

46 

2.9 

262 


.100 

28 

49 

3.5 

352 


.075 

11 

49 

3.5 

474 


.030 

9 

C) 

(*) 

(») 


.900 

10 

47 

3.1 

159 


.600 

13 

47 

3.1 

181 


.500 

11 

48 

3.3 

213 


.400 

13 

49 

3.4 

224 

Inactive dihydrodeguelin 

.300 

12 

47 

3.0 

269 


.240 

12 

49 

3.5 

295 


.200 

13 

47 

3.1 

392 


.150 

9 

48 

3.3 

496 


.100 

12 

46 

3.0 

930 
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FrouRE 1.— Survival-time curves. 



0.4 

CONCENTRATION CmILLICRAMS PER LITER) 


Figure 2.— Velocity-of-fatality curves. Straight lines Indicate approximation of that portion of the curve 
corresponding to greatest rate of increase of velocity of fatality with increase in concentration. 
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DISCUSSION 

Comparative data obtained from these curves are given in table 
2. In figure 2 the straight line, which is an approximation of that 
portion of the curve correspondii^ to the greatest rate of increase 
m the velocity of fatality with increase in concentration, is pro- 
longed to cut the X-axis at a point designated “co”; the slope of this 
fine is designated “tan d’\ and its measurement is expressed in the 
dimensions of both coordinates. In this way values are obtained, 
respectively, for the theoretical threshold of toxicity, or the concen- 
tration below which the substance does not cause death, and for the 
maximum rate of increase of the velocity of fatality with increase in 
concentration. In a previous study (5) of nine substances with 
relatively low thresholds a point on the survival-time curve called 
the “minimum ct product”, (ct)„, was found to correspond very 
closely to the upper end of t^ straight line, and this fact has been 
employed in locating the individual hnes. Beyond the arching por- 
tion of either the survival-time curve or the velodty-of-fatality 
curve in the direction of higher concentrations it approaches a region 
of constant velocity; that is, the curve approaches the horizontal. 
To obtain values for comparative purposes, the region in which the 
survival times corresponding to concentrations, one of which is double 
the other, do not differ by more than 5 percent is chosen arbitrarily as 
the minimum survival tune and designated “to” The values given 
for to in the table are approximated from the respective survival-time 
curves. 

Table 2. — Relative toxicity at 27^ C, of rotenone, deguelin^ and optically active 
and inactive dihydrodeguelins 


Compound 

Co 

tan 0 

/ten 0 

V Co 

h 

Cm 

tm 

(Ct)m 

Relative 
toxicity 
according 
to (ri)« 

Rotenone 

Milligram 
per liter 
0.01 

Liter per 
milligram 
per minute 
0.044 

2 1 

Min- 

utes 

120 

Milligram 
per liter 
0.086 

Min- 

utes 

320 

Milligram 
minutes 
per liter 
27.2 

1.00 

Deguelin. 

,03 

.033 

1 1 

130 

.135 

320 

44.4 

.614 

Active dihydro- 
deguelin 

.02 

.040 

1.4 

120 

.110 

302 

33.2 

.819 

Inactive dihydro- 
deguelin 

.035 

.018 

.72 

140 

.220 

333 

73 3 

.371 

1 


The minimum product of concentration and time, (d)m, was sug- 
gested in a previous paper (5) as a suitable criterion for the com- 
parison of toxicity, since it gives a relative value at the point of 
greatest efficiency of the toxic substance with respect to concentra- 
tion and time. The value is determined from the survival-time 
curve; its probaUe error is less than 7 percent of the mean survival 
time. Its coordinates, Cm and fm, are given in order that the point 
can be located on the curve. 

It is apparent from columns 3 and 9 of table 2 that, compared 
according to either of the methods in which the toxicity of a sub- 
stance is considered only at its highest eflBciency with respect to con- 
centration and time, these compounds have the following des^nding 
order of toxicity: Rotenone, active dihydrodeguelin, deguelin, a^ 
inactive dihydrodeguelin. Compared according to the values ob- 
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tained for the respective thresholds of toxicitv, Co, this order still 
obtains. It must be emphasized, however, that these values are 
obtained under theoretic^ conditions and may have no real sig- 
nificance beyond showing the order of toxicity at very great dilutioM. 
Also they are approximate only, since many more observations would 
be necessary to distinguish between the closer values with accuracy. 
Similarly, the values given for the minimum survival time, to, are 
only approximate and for the region of the curves as indicated above. 
There is no evidence that these values would ^ffer if the survival 
times were compared at concentrations above those given at the 
same relative portions of their curves; the indications are that they 
would be close together. An extrapolative procedure such as was 
used to obtain the theoretical threshold values — that is, plotting 
the reciprocal of the concentration against survival time and using 
the points corresponding to the minimum ct products as the upper 
limits of the straight lines — does indicate that all the compounds 
have a tune tolerance of 100 ±5 minutes; that is, an infinitely high 
concentration requires 100 minutes to kill, if it is assumed that no 
other factor has entered to change the type of toxic action. 

It is also to be noted that the figure obtained by comparison of 
deguelin with rotenone agrees well with the value obtained in a 
previous study (4) with another group of goldfish. According to the 


formula of Powers 



tan B 
Co 


which was used in that study for 


comparing toxicity, deguelin had 0.56 the toxicity of rotenone. In 
the present study, according to the same formula and against a much 
more resistant group of goldfish, the relative value, or ratio, is nearly 
the same, 0.52. As determined by a comparison of the slopes of 
the theoretical velocities of fatality, the ratios are, respectively, 0.79 
and 0.75. According to the author’s method of comparing minimum 
ct products, the ratios are 0.55 and 0.61. For a practical com- 
panson, as explained in a previous paper (5), the last figures may be 
accepted; that is, deguelin has 0.6 the toxicity of rotenone. 

Optically active dSiydrodeguelin has essentially the same toxicity 
as rotenone between the concentrations of 0.2 and 0.9 mg per liter. 
At lower concentrations the latter is increasingly more toxic, tliis 
being apparently the result of a lower threshold of toxicity. Its 
theoreticSl thresnold is about half that of the active diydrodeguelin. 

Optically active dihydrodeguelin is more than twice as toxic as 
the mactive derivative — 2.2 times as toxic according to a comparison 
of the minimum ct products. The theoretical threshold of toxicity of 
the inactive derivative is nearly twice as great as that of the active 
derivative. The minimum survival times, although apparently 
differing very little, occur in a region of much higher concentration 
(probably twice or more) in the case of the inactive derivative. How- 
ever, despite the fact that the inactive form is nearly half as to:nc 
as the levo form, it should not be inferred that the dextro twm of the 
latter would be nontoxic. The configuration of the compounds 
has not been established, and the pos^ssion of two asj^metnc 
carbon atoms makes possible several optical isomers. Furtlwrmore, 
the toxic action of the inactive derivative does not parallel that of a 


* rowers used a instead of e« to indloate the threshold of toxicity concentration. 
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mixture half of which is the active derivative and half a nontoxic 
derivative. This is shown by replotting the survival-time curve, 
using half the actual concentrations of the determined points. 
At very low concentrations the resultant curve approaches very 
closely that of the active dihydrodeguelin but diverges at high 
concentrations. 

Of interest also is the comparison of deguelin and the active 
dihydro derivative. According to the ratio of the mimmum ct 
products, the latter is 1 .33 times as toxic as the former. This may bo 
compared with the value, 1.48, found for a similar structural relation- 
ship, in the case of four pairs of optically active rotenone derivatives 
{6). On the other hand, the inactive dihydro derivative is only 
0.60 as toxic as inactive deguelin. 

SUMMARY 

A study has been made of the toxicity to goldfish of active and 
inactive aihydrodeguelins, and the results have been compared with 
each other and with those obtained with rotenone and deguelin. 
Throe criteria were used as the basis of these comparisons— the 
maximum rate of increase of velocity with increase in concentration, 
tan 6; the minimum product of concentration and time (c<)m; and 

Powers’ formula, .. where Co is the theoretical threshold of 

V ^0 

toxicity. According to all these criteria the following descending 
order of toxicity was found: Kotenone, active dihydrodeguelin, 
deguelin, and inactive dihydrodeguelin. 

Optically active dihydrodeguelin has essentially the same toxicity 
as rotenone between the concentrations 0.2 and 0.9 mg per liter. At 
lower concentrations rotenone is increasingly more toxic, approaching 
a maximum ratio of about 2 to 1 . 

Active dihydrodeguelin is more than twice as toxic as the inactive 
derivative. Accordmg to a comparison of the minimum ct products, 
the relative value is 2.2. 

Active dihydrodeguelin is 1.33 times as toxic as inactive deguelin. 
This ratio is about the same as that (1 .48) of the toxicities for active 
dihydro derivatives of rotenone to those of their parent compounds. 
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A NEW BACTERIAL SPECIES ISOLATED FROM 
STRAWBERRIES^ 

By Helen F. Smabt 

Assistant pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

In the course of a microbiological investigation of frozen-pack 
fruits and vegetables made in 1929 and 1930, the same species of 
bacterium was observed in great numbers in many samples of fresh 
strawberries going into frozen pack. Samples of berries were studied 
in 1929 from stations in Norfolk, Va., Fruitland, Md., and Selbyville, 
Del., and in 1930 at Portsmouth, Va. Plates from all four localities 
showed this bacterium to be the predominating organism in the fresh 
berries, whether or not they were washed before samples were taken. 
This organism occurs principally on the outside of the fruit and, so far 
as is known, has no bad effect upon the texture, flavor, appearance, 
or healthfulness of fresh or frozen strawberries. 

The methods and media used in this study are those described in 
the manual of methods of the Society of American Bacteriologists.^ 
One hundred grams of strawberries were placed in a sterile jar, and the 
berries were mashed thoroughly and mixed with 100 cc of sterile water. 
Plates were poured from this mixture after the proper dilutions had 
been made. Several colonies of the organism were selected for culti- 
vation from plates poured in different localities, but as all the isolations 
reacted to the tests in a uniform way, only one will be described. 
Plates poured from the water before it was used to wash the berries 
and from the sugar used in the packs failed to show any colonies of 
the bacterium. This bacterium is believed to be a new species, and 
the name Achromohacier delmarvae is proposed for it. 

DESCRIPTION 

MORPHOLOGY 

Achromobacter delmarvae, n. sp. 

Short, medium-sized rod with rounded ends. Average size 1.5ju by 0.75/u. 
Occurs as single rod or in pairs, also in short chains. No capsules or spores 
demonstrated. Nonmotile, Gram-negative, not acid-fast. In old cultures a 
few rods found slightly larger than the ordinary vegetative size. 


CULTURAL CHARACTERS 

On beef-infusion agar, pH 7.Q, colonies visible in 24 hours at 26° to 31° C. 
Develop at moderate rate, but alw^s small, rarely over 5 mm in diameter, even 
when plates are scantily seeded. Colonies circular, raised, with smooth edges, 
glistening, translucent, bluish-white color in all lights. Internal structure 
amorphous, surface smooth. Buried colonies lens-shaped. Colonies on gelatin 
similar to those on agar. 

Agar stroke cultures show abundant filiform growth, rai^d, glistening, smooth, 
translucent, bluish white, no odor; old cultures slightly viscid; medium unchan^d. 

Agar stab cultures grow abundantly. Surface growth round, smooth, glisten- 
ing, [bluish white, raised. Filiform growth the whole length of stab, but growth 
is be*st at top, ,, 

Gelatin stab cultures show scanty growth and no liquefaction after a month,* 


» Received tor publication July 24, 1936; issued October 1935. at the Mnual mating of tl» ^e 
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Nutrient broth cultures show good clouding in 24 hours. Delicate white 
pellicle formed in 5 days. Preciptate abundant, white, and slightly stringy. 
No odor; color of medium unchanged: 

Cultures on potato cylinders produce abundant growth, grayish white, glisten- 
ing, smooth, raised. Medium changed from white to smoke-gray (Ridgway, 
pi. 46).* 

PHYSIOLOGY 

Optimum temperature for growth 26® C., good growth up to 31®. Growth 
at 37® very slight. Organisms remain alive at —8®; do not grow abundantly 
after being held at that temperature for any considerable length of time. 

Optimum hydrogen-ion concentration about pH 7.0. 

Bacterium white, but has slightly bluish color on agar and gelatin, probably 
caused by its translucent qualities. No color in broth, but on potato cylinders 
growth definite gray-white. 

Indole not produced in tryptophane broth in 10 days. 

Hydrogen sulphide and ammonia not produced in beef broth in 10 days. 

Diastauc action of bacterium weak. Starch agar plates inoculated and tested 
with iodine solution; in 5 days very slight, clear zone of about 2 mm around the 
streak. Plates incubated for longer periods failed to show any wider clear zone. 

Nitrates reduced in 7 days at 26° C. in medium containing 0.1 percent Difco 
peptone and 1 percent potassium nitrate. 

Fermentation tubes used to study relation of organism to oxygen. Medium 
used was beef broth with 1 percent of the following t^ugars: Glucose, lactose, 
sucrose, mannitol, and glycerol. Growth in closed arm of all tubes but heavier 
in open end, showing bacterium to be facultative anaerobe. 

Growth slow in sterile milk; acid curd formed in 12 to 14 days. Milk turned 
decided chocolate brown, l>eginning at top. Peptonization does not take place 
in 2 months. 

Litmus in milk turns pink first and is entirely reduced in 5 days; pink color 
returns in 10 days, after which curd forms and browning of medium starts, as in 
the plain milk, in 12 to 14 days. 

With bromcresol purple as indicator in fermentation tubes with beef-extract 
sugar broths, bacterium gives acid reaction after 6 days in glucose, lactose, 
glycerin, and mannite, and alkaline reaction in the same time m sucrose. No 
gas formed in any of the tubes. 

SUMMARY 

A bacterial species isolated from fresh strawberries is described.^ 
This organism was found to be the predominating species in samples 
of berries collected from four localities in Delaware, Maryland, and 
Virginia over a period of 2 years. The species is thought to be one 
hitherto undescribed, and the name Achromobacter delmarvae is 
proposed. 

The organism is a nonmotile, Gram-negative, nonspore-forming, 
short rod; average size, 1.5^ by 0.75m; agar colonies are round, raised, 
glistening, translucent, bluish white, smooth, entire margin, amor- 
phous; agar stroke cultures are filiform, raised, glistening, smooth, 
translucent, bluish white, no odor, medium unchanged, gelatin not 
liquefied; pellicle and stringy white precipitate in beef broth; grayish 
white on potato. 

The organism grows best at 26° to 31° C.; is weakened at 37° and 
—8° C.; does not form indole, hydrogen sulphide, or ammonia; 
diastatic action is weak; nitrates are reduced; aerobic growth better 
than anaerobic; acid curd formed in 12 to 14 days; color of milk 
becomes chocolate-brown; reduction of litmus in 6 days in litmus 
milk with curd formation and browning as in plain milk; forms acid 
and no gas in glucose, lactose, glycerin, and mannite; alkaline reaction 
and no gas in sucrose. 

> Ridowat, R. color standards and color nomenclature. 43 pp., illus. Washington, D. C. 1919 
4 other species of bacteria, yeasts, and molds isolated from fresh and frosen fruits and vegetables are 
listed in the following article: Smart, H. F. micro-organisms sxtrvivino the storage period op frozen 
pack fruits and vegetables. Phytopathology 24: 1319-1331. 1934. 



CHEMICAL COMPOSITION OF CANNED PEAS OP TWO 
VARIETIES OF DIFFERENT SIZES AND GRADES ^ 

By W. S. Thompson, junior chemut, Wisconsin Feed and Fertilizer Inspection 

Laboratory, and W. H. Peterson, professor of agricultural chemistry, Wisconsin 

Agricultural Experiment Station 

INTRODUCTION 

Canned peas, like other foods, are graded according to '^quality’', 
that is, flavor, tenderness, etc., rather than according to the nutri- 
tional value of their chemical constitutents. Chemical analysis is 
of prime importance, however, in supplementing the organoleptic 
tests by providing a sound basis for the selection of food from a 
nutritiond point of view. 

Data on the mineral composition of different commercial grades of 
peas are very inadequate. Previous investigations include papers 
W Diggs {3)/ Boswell {2), and Sayre, Willaman, and Kertesz {8), 
These investigators studied the chemical changes in peas which are 
associated with the tenderness of the canned product, and reported 
that a high calcium content was associated with a tough pea. They 
found that potash fertilizers tended to reduce toughness and corre- 
spondingly to lower the calcium content. Conversely, calcium 
chloride applied to the soil made peas tougher. Percentages of dry 
matter, calcium, and total nitrogen were found to increase with size 
when calculated on the wet basis, but remained practically constant 
on the dry basis. In a later paper Kertesz (8) reported that the 
alcohol-insoluble solids (starch, dextrin, hemicelluloses, protein, and 
fiber) increase with maturity and hence serve as a good index of 
quality. 

Because of the increased interest in the mineral content of foods, 
especially of the elements calcium, phosphorus, iron, copper, and 
manganese, it was considered desirable to obtain data on the variation 
in these elements in the commercial grades of canned peas. Data are 
also presented regarding the fiber, protein, and dry-matter content 
of the various sizes that are on the market. 

MATERIAL AND METHODS 

The canned peas used in this work were obtained from four different 
canneries, located in various parts of Wisconsin. By such a selection 
it was thought that the samples would be somewhat representative 
of the canned products of the State. 

The can and contents were weighed, the liquor was drained off, 
and the can reweighed. The can was then emptied of the drained 
peas and weighed again. The liquor and drained peas were combined 
and dried in a steam oven in large evaporating dishes which were 
covered with heavy wrapping paper to prevent any material from 
dropping into the samples. They were then ground in an iron spice 

» Received for publication Jan. 15, 1986; issued Octobw 1935. 
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rnill to a fine powder,® From 5 to 13 cans of each size were treated 
in this way and a composite sample was formed by mixing equal por- 
tions of tne indmdum samples. From this mixture aliquots were 
taken for the different determinations. 

Nitrogen was determined by the Kjeldahl method (1) and calcu- 
lated as protein NX 6.25), phosphorus by the volumetric method of 
the Association of Official Agricultural Chemists {!), calcium a 
modified McCrudden (7) method, copper by the method of Elvehjem 
and Lindow (4), manganese by the method of Skinner and Peterson 
(9), and iron by the method of Kennedy (5). 

RESULTS AND DISCUSSION 

Table 1 gives the variations in pea and liquor content per can and 
also the variations in the dry matter of the samples. 

One hundred and twenty-seven samples, 62 of the Alaska or smooth 
variety, and 75 of the sweet or wrinkled variety, were used. The 
iiaska peas were of four different sizes, ranging from the smallest, 
no. 1, to the largest, no. 4. The sweet or wrinkled consisted of six 
different sizes ranging from no. 1 to no. 6 and an extra lot of imgraded 
peas of sizes 1 to 6. In any one size of canned peas there was found 
to be only a small variation in the weight of the total contents of 
similar cans, the maximum difference being 3.2 percent. However, 
there was considerable variation in the liquor and pea content of the 
various cans of each size, the maximum difference in weight of liquor 
being 19.5 percent and of the peas, 13.6 percent. 

Table 1. — Variation in quantity contained in can, and in dry matter of canned 
product, for Alaska and for an unknown sweet or wrinkled variety of peas, packed in 
no, 1 and no. 2 cans 

ALASKA 


Pea site no. 

Content 

Weight of contents 

Percentage 

of 

dry matter 

Total 

Drained peas 

Liquor 

Dry matter 

No. 1 
can 

No. 2 
can 

No. 1 
can 

No. 2 
can 

No. 1 
can 

No. 2 
can 

No. 1 
can 

No. 2 
can 

No 1 
can 

No. 2 
can 



Qrams 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 




High 

316 

601 

205 

374 

132 

252 

43 

72 ! 

13.6 

12.0 

1 

Low 

314 

504 

183 

342 

110 

223 

34 

63 1 

10.7 

10.6 


1 Average L 

316 

597 

197 

361 

118 

236 

38 

68 

12.1 

11.4 


(High 

323 

604 

215 

400 

120 

223 

48 

103 

14.9 

17.0 

2 

Low 

319 

597 

200 

381 

104 

204 

41 

84 

12.8 

13.9 


Average L. 

321 

602 

207 

390 

113 

212 

46 

90 

14.0 

15.0 


fHigh 

324 

606 

220 

896 

128 

234 

57 

112 

17.8 

18.4 

3 

iLow 

317 

603 

190 

360 

103 

211 

52 

107 

16.0 

17.6 


1 Average 

320 

606 

207 

380 

113 

226 

54 

no 

16.8 

18.0 


(High 

325 

607 

211 

410 

118 

226 

62 

123 

19.0 

20.4 

4 

Low 

321 

596 

204 

370 

114, 

193 

59 

105 

18.1 

17.5 


Average 1.. 

323 

603 

207 

390 

116 

211 

60 

116 

18.6 

19.2 


^ Each figure Is the average of 6 or 7 cans. 


* The iron content of samples ground in a spice mill was from 22 to 66 percent higher than that of 
samples ground in a mortar. Only the latter method of finding was used In the ease of the iron analyses. 
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Tabls 1. — Variaiion in quantity contained in can, and in dry matter of canned 
product, for Alaska and for an unknown sweet or wrinkled variety of peas, packed 
in no. 1 and no. 2 cans — Continued ^ 


SWEET OR WRINKLED, VARIETY UNKNOWN 


Pea size do. 

Content 

[ 

Weight of contents 

1 

I Percentage 
! of 

dry matter 

Total 

Drained peas 

Liquor 

Dry matter 

No. 1 
can 

No. 2 
can 

No. 1 
can 

No. 2 
can 

No. 1 
can 

No. 2 
can 

No. 1 
can 

No. 2 
can 

No.l 

can 

No. 2 
can 



Orams 

Qrarru 

Oratm 

Oramg 

Orama 

Orama 

Qramtr 

Grama 




(High... 

311 

694 

189 

368 

129 

240 

30 

73 

0 6 

12.4 


I Low 

310 

676 

181 

347 

122 

226 

29 

66 

9.3 

9.7 


1 Average*.. 

311 

687 

185 

363 

126 

235 

30 

63 

9.4 

10.7 


fHigh 

310 ! 

600 

205 

403 

119 

229 

39 

71 

12.2 

11.8 

2 

Low 

313 

682 

199 

353 

111 

194 

36 

66 

11.4 

9.6 


Average*-, 

316 

696 

202 

384 

115 

212 

38 

66 

11.8 

11.0 


fHigh 

324 


212 

. 400 

124 

231 

46 

81 

14.2 

13.5 

3 

Low 

316 

696 

196 

364 

112 

198 

40 

66 

12.7 

11.0 


Average*.. 

320 

599 

202 

384 

118 

214 

43 

76 

13.3 

12 7 


(High 

320 

698 

210 

384 

116 

226 

52 

89 

16.4 

14 8 

4 



316 

586 

i 206 

360 

108 

214 

49 

76 

15.3 

12.9 


1 Average*,. 

318 

693 

208 

373 

111 

219 

60 

83 

15.7 

13 9 


(High : 

326 

599 

205 

386 

127 

230 

56 

103 

16.9 

17.2 

5 

Low 1 

317 

692 

198 

368 

113 

212 

51 

79 

10.2 

13 3 


Average 

320 

506 

202 

377 

118 

219 

63 

96 

16.5 

10.0 


(High - 


608 


408 


239 


107 


17.8 

6 

IX)W 

— 

595 


358 


196 


92 

1 

15.3 


Average*-.) 


601 


.391 


210 


102 


17.0 














(High— 


603 


374 


230 


90 


14.9 

Ungraded--. 

Low - 


676 


369 


203 


79 


13.7 













Average *.. 


592 


372 




86 


14 5 








1 218 


1 




Each figure Is the average of 4, 7, or 9 cans, with the exception of size 1, no. 1 can (311 g), which includes 
only 2 samples. 


Dry matter increased with size of pea. The percentage for the 
Alaska variety ranged from J1.4 for size 1 to 19.2 for size 4, and for 
the sweet or wrinkled from 10.7 for vsize 1 to 17.0 for size 4. This is 
in agreement with the work of Sayre, Willaman, and Kertesz (8). 

It will be seen from figure 1 that on the wet basis the percentages of 
protein, calcium, phosphorus, and crude fiber increased with increase 
m size of pea. Also, that in each case the Alaska variety contained 
the higher percentage of each constituent. However, the increase of 
.these constituents with size of pea is not preferential increase with 
respect to total solids; on the dry basis the percentage of these 
stituents remains practically constant, i. e., mineral elements and 
total solids axe laid down at approximately the same rate. The data 
for protein and calcium in relation to size are in agreement with those 
reported by Sayre et al. (8). 
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Figure 2 shows the iron, cop^r, and manganese content of the peas 
calculated on the wet basis. The general trend was an increase with 
size, except in the case of copper in the Alaska variety; here there was 
a decrewe. Again the composition of the Alaska variety was found 
to be different from that of the sweet or wrinkled variety. 


CD ALASKA 

■■ SWEET OK WRtNKLEO 





.1 

■III iF 

H 

□1 

1 

■1 


H 

12 5 4 12 3 

in CALCIUM 

iTtlOlll 

156 1234 125456 

SIZE OF PEA 




1254 125456 


SiZE OF PEA 


FiauRE 1, — Protein, calcium, phosphorus, and crude fiber content of canned peas (wet basis). 


Because of a larger amount of dry matter and hence a larger sum of 
all the constituents, the larger pea has the greater food value. 

The question arose as to whether such factors as soil, fertilizer 
treatment, inoculation, climatic conditions, etc., might have such an 
effect on the composition of the peas as so mask the variation due to 
size. In order to minitnize these factors, samples were obtained from 


2 75 


2 50 


CZD ALASKA I 
aH SWEET OR WRINKLED 


COPPER 


CZD ALASKA 

■■ SWEET OR WRINKLED 



PiouRK 2. — Iron, copper, and manganese content of canned peas (wet basis). 


a single cannery and their composition determined. In table 2 it is 
shown that the chemical composition of the peas from 1 cannery 
is very similar to that of the composite samples from 4 caimeries. 
The variables, therefore, which affect the constituents of the canned 
product appear to have been practically the same for aU the canneries. 
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Tablb 2.' — Protein^ pkoaphortia, and calcium content of sweet or wrinkled and 
Alaska peas from 1 cannery and of composite samples from 4 canneries ^ {wet 
basis) 


Sica 

no. 

Variety and grade 

Protein 

Phosphorus 

Calcium 

A 

B 

A 

B 

A 

B 


Sweet or wrinkled, unknown: 

Percent 

2.22 

Percent 

2.43 

Percent 

0.0431 

Percent 

0.0418 

Percent 

0.0173 

Percent 

0.0202 



2.63 

2.71 

.0447 

.0494 

.0166 

.0205 

d 

Q 

Extra standard 

3.34 

3.08 

.om 

.0525 

.0186 

.0229 

O 

A 

RtAnri&rd 

3.06 

3.66 

.0578 

.0621 

.0103 

.0262 

% 

po 

3.96 

3.63 

.0721 

.0.595 

.0228 

.0249 

O 

A 

Do 

4.66 

4.10 

.0848 

.0660 

.0260 

.0273 

0 

1 

o 

Alaska: 

TCytrii <stAtidard 

2.47 i 

2.68 

.0600 

.0628 

.0193 

.0209 

Afanriarrl .. - — i 

3.68 1 

3.03 

.0762 

.0666 

.0187 

.0190 

A 

o 

Do 

3.83 

3.49 

.0799 

.0639 

.0234 

.0212 

O 

4 

Do 

4.28 

3.82 

.0810 

,0710 

.0216 

.0243 


I A, figures for comiKwite samples (.•> cans each) from 1 cannery; B, figures for composite samples, (4 or 8 
cans each) from 4 canneries 


As there are variations in quality within a given size of pea the 
question arose as to the relation between grade and composiUon 
when all samples were taken from one size. While there are differ- 
ences in composition the figures in table 3 do not vary m any regular 
manner. In the Alaska variety the Standard grade contains the 
largest amount of dry matter, in the wrinkled vanety the f^alle^st 
amount. The protein content foUows that of dry matter but the 
other constituents arc quite constant. 


Table ‘6.— Variation in composition of Alaska and sweet or wrinkled peas of differ- 

ent grades (dry basis) 


Variety and grade » 

Dry 

matter 

Protein 

Alaska, size 2 a 

Standard - 

Extra standard 

Percent 
If) 88 
16.06 

Percent 

3.68 

3.08 

Fancy. -- 

14.29 1 

3.06 

Sweet or wrinkled, unknown, 
size 4: > 

Standard 

13.37 

2.98 

Extra Stan diird. 

16.92 

4.04 

Fancy 

14.04 

3.28 


1 As given by the packer. 


Phos- 

phorus 

Calcium 

Iron 

Man- 

ganese 

Copper 

Percent 

0 0752 
.0561 
.0537 

.0542 

.0691 

.0495 

Percent 

0.0187 

.0210 

.0167 

.0216 

.0218 

.0255 

Percent 

0.01010 

.00043 

ni9(^ 1 

Percent 

0.00116 

.00126 

.00151 

Percent 

0.00125 

.0010 

• Ul^OU 1 










> Average of 5 samples of each grade. 


SUMMARY 

The protein, calcium, phosphorus, copper, iron, mang;anese, and 
crude fiber content of canned peas of different 

data are based on 127 samples from four canneries and represent the 

‘’'Thr™* S.t'rf dJr2£!°?ro“?ar'Scium, phosphor.., 
coJ^.C -rudo Star of S 

general increased with size of pea. UndH^Se nrotein 

of the Alaska variety. If calculated on constant 

calcium, and other constituents are found to be Alaska variety 

From certain points of view the nutntive value of the Alaska v^^^^ 

was superior to that of the sweet or wnnkled as the former containea 
more protein, calcium, and phosphorus. 
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PUBESCENT AND GLABROUS CHARACTERS OP SOY- 
BEANS AS RELATED TO RESISTANCE TO INJURY BY 
THE POTATO LEAF HOPPER ‘ 

By H. W, Johnson, associate 'j^thologist, and E. A. Hollowbll, agronomist 
Division of Forage Crops and Diseases, Bureau of Plant Industry, United States' 
Department of Agriculture ^ 


INTRODUCTION 


Soybeans (Sbja max (L.) Piper) may be divided roughly into the 
following three groups, on the basis of amoimt and type of pubes- 
cence on the leaves, stems, and pods; (1) Practically glabrous, (2) 
sparingly appressed-haiiy, and (3) densely rough-hairy (fig. 1). The 
varieties grown commercially in the United States are practically all 
of the rough-hairy type, while many of the recent introductions from 
the Orient are glabrous or appressed-hairy. According to W. J. 
Morse,* these types, because of their resistance to the attack of a 
pod-boring insect, are widely CTOwn in the Orient. When planted 
at the Arfin^ton Experiment Farm; Rosslyn, Va., the glabrous t 3 T)e 
was heavily infested and seriously injured by the potato leaf hopper, 
Empoasca jabae (Harris) ; while rough-hairy varieties, grown nearby 
and presumably exposed to the same opportunities for infestation, 
w'ere relatively free from leaf hoppers and from symptoms of leaf 
hopper injuiy. This difference is illustrated in figure 2. 

Hollowell, Monteith, and Flint (/),* Pieters (9), and Monteith and 
Ilollowell (6) have called attention to a similar situation in the case 
of red clover. The last-named writers report that — 


In red clover there is a direct correlation between hairiness of the leaves, 
petioles and stems and resistance to hopper injury. All the European and South 
American red clovers imported into this counliy (susceptible) are smooth or 
appressed pubescent, whereas red clover produced in this country and Canada 
(resistant) is rough pubescent. 


Poos and Smith {10) compared the oviposition of Empoasca Jabae 
females on red clover and soybean plants with the various types of 
pubescence and found that more nymphs hatched from the glabrous 
and appressed-hairy types than from the rough-hai^. The prefer- 
ence of the females for these types for oviposition is doubtless one 
reason for their greater injury when all three types are grown together 
in a comparative field test. 


» Keceived for publicatioxr June 1, 1935; issued October 1935. This pwer reports the results of 
phases of a cooperative study of the injury caused by Empoasca fabae (Harris) to forage legumeSi, which is 
being made at Arlington ExrierimontFarm, Kosslyn, Va., by the Division of Cereal Md Forage Insects, 
Bureau of Entomology and Plant (Quarantine, and the Division of Forage Crops and Diseases, Bureau of 
Plant Industry, U. S. Department of Agriculture. . , , „ 

indebtedness is acknowledged to C. M, Woodworth, Illinois <A.snricultural ExpOTmeirt Station, ^d 
W. J. Morse. Division of Forage Crops and Diseases, Bureau of Plant Industry, U. 

Agriculture, for supplying the seed used in these experiments; and al^ to F. W. Poos, 

and Forage Insects, Bureau of Entomology and Plant Quarantine, U. S. Department of Agriculture, for 

infesting field cages with Empoasca. 

3 Oral communication. 

< Reference is made by number (italic) to Literature Cited, p. 880. 
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Two genetically distinct types of glabrousness have been demon- 
strated in soybeans; Nagai and Saito (7) in 1923 discovered a 
type in which glabrousness was dominant, while Stewart and Wentz 
(l2) in 1926 reported a type in which glabrousness was recessive. In 
crosses with pubescent varieties, the ratio is a 3 : 1 in each case, show 
that a single-factor pair is involved. It appeared that, a study of a 
large number of progenies from a cross between a pubescent and a 



Figure 1.— Stems and petioles (4-C) and pods {D-F) of practically glabrous {A, D)^ sparingly appressed< 
hairy (JB, E)^ and densely rough-hairy (C, F) soybeans. A-C^ X 3; D-Ft X 4. 


glabrous soybean would yield evidence as to whether the rough-hairy 
pubescence or some other character of the pubescent plants was 
responsible for their resistance to injuiy by Empoasca fahae. Seed 
of 29 glabrous F 2 plants from a cross made between lUini (rough- 
hairy) and a dominant glabrous soybean were obtained from C. M. 
Woodworth of the Illinois Agricultural Experiment Station. This 
paper reports the results from a study of the Fs progenies of these 
29 plants grown at Arlington Experiment Farm m 1931, of 108 F 4 
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progemes grown m 1932, and of 73 F» progenies grown in 1933. In- 
cluded also are observatioDs on 34 glabrous and appressed-pubescent 
soybean introductions grown in 1931 and 32 similar introductions 
grown in 1932. 

EXPERIMENTAL METHODS AND RESULTS 

SOYBEAN PBOGENIES 

Seed of 29 glabrous Fj plants from a cross between Tllini (rough- 
hairy) and a dominant glabrous soybean was sown in progeny rows 
May 20, 1931. An excellent stand was secured and by July 13 
marked diflferences in Empoasca inf^tation, stunting of growth, and 
injury to the leaves were evident between the glabrous and the rough- 
hairy individuals. The notes taken on this date may be summarized 
as follows: (1) Of the 29 F3 progenies, 14 were homozygous glabrous 



Figure 2.— Alternate rows of rough-hairy (Dixie) and glabrous (S. P. I.< no. 55069) soybeans growing at 
Arlington Experiment Farm on Aug. 6, 1931. The rough-hairy plants in the outside rows are practically 
free from Empoasca and show no symptoms of injury, while the glabrous plants in the center row are 
heavily infested and severely stunted and have curled leaves with yellowefl necrotic margins. 

and 15 segregated in a ratio of approximately 3 glabrous to 1 rough- 
hairy; (2) the glabrous individuals (total number 813), in both the 
homozygous and the heterozygous progenies, were all heavily infested 
with Empoasca and were severely stunted in growth, averaging only 
8 inches in height, and their leaves were curled and had yellowed 
necrotic mar^s; (3) the rough-hairy individuals (total number 129) 
were all relatively free from Empoasca and averaged 15 to 16 inches in 
height, and their leaves showed no symptoms of leaf hopper injury. 

These differences in degree of Empoasca infestation, stunting of 
growth, and leaf injury persisted throughout the season, and when 
final notes were taken on September 2 the glabrous plants averaged 
about 13 inches in height and bore relatively few seed pods, while the 
rough-hairy plants averaged about 25 inches in height and bore abun- 
dant seed. Late in September 1931, seed was harvested from 
individual glabrous and rough-hairy plants. 


• 8. P. I. denotes Seed and Plant Introduction, Bureau of Plant Industry. 
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Seed of 108 of the F* plants was sown in progeny rows on May 23, 
1032, and, as in the previous season, by the midme of Jul^r marked 
differences in Empomca infestation, stunting of growth, and injury to 
the leaves were evident between the glabrous and the rough-hairy 
individuals. The notes taken between July 19 and 27, 1932, may be 
summarized as follows: ( 1 ) Of the 108 F 4 progenies, 47 were homozy- 
gous glabrous, 32 segregated in a ratio 01 approximately 3 glabrous 
to 1 rough-ha^, and 29 were homozygous rough-hauy; (2) the 
glabrous mdvviduals (total number 4,509), in both the homozygous 
glabrous and the heterozygous progenies, were aU heavily infested 
with Empoasca and were stunted m growth, averaging about 15 inches 
in height, and their leaves were curled and were beginning to yellow 
at the margins, although little niarginal necrosis had developed at 
this time; (3) the rough-hairy individuals (total number 5,449) were 
all relatively free from Empoasca and averaged 25 inches in height, and 
their leaves showed no symptoms of leaf hopper injuiy. 

As the season advanced, marginal leaf necrosis became much more 
pronoimced on the glabrous plants, and the differences in degree of 
Empoasca infestation and stunting of growth persisted. Late in 
September 1932, seed was harvested from individual plants in 
each progeny. 

Seed of 73 of the F 4 plants was sown in progeny rows on May 24, 
1933. By the middle of July, as in the two previous seasons, marked 
differences in Empoasca infestation, stunting of growth, and injury to 
the leaves were evident between the glabrous and the rough-hairy 
individuals. These differences, which are typicd of those present in 
each of the three seasons, are shown in figure 3, illustrating the three 
types of Fs progenies. As the season advanced the differences became 
even more pronounced, and the notes taken September 25, 1933, 
may be summarized as follows; ( 1 ) Of the 73 Fj progenies, 32 were 
homozygous glabrous, 32 segregated in a ratio 01 approximately 3 
glabrous to 1 rough-hairy, and 9 were homozygous rough-hauy; 
(2) the glabrous individuals (total number 3,248), in both the homozy- 
gous glabrous and the heterozygous progenies, were all infested with 
Empoasca and were stunted in growth, averaging about 14 inches in 
height, and their leaves were curled and had yellowed necrotic 
margins; (3) the rough-hairy individuals (total number 1,177) were 
all relatively free from Empoasca and averaged about 29 inches in 
height, and their leaves showed no symptoms of leaf hopper injury. 

The data and notes on the three generations of progenies from a 
cross between Illini (rough-hairy) and a dominant glabrous soybean, 
which were grown in 1931, 1932, and 1933, are summarized in table 1 . 
The insistency with which over a period of three generations in 
material of known genetic constitution the glabrous mants all were 
heavily infested and severely stimted and had curled hopper-burned 
leaves, while all the rough-haiiy plants were practically free from 
Empo^ca, grew vigorously, ana had normal leaves with uninjured 
margins, appears to justify the conclusion that, in the soybeans 
tested, resistance to the injury caused by the potato leaf hopper was 
correlated with the occurrence of rough-hairy pubescence. 
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Fiour* 3.— Homozygous 
from a cross between I 
I»eriment Farm on Jal: 


irom a cross oecween uiini irougnnimry/ Empofue^t are severay 

periment Farm on July 14, im The glabrous while tlw rough-hairy plants are prac- 

stunted, and have ouried leaves with symptoms of hopper 

tically firee from leaf hoppers and are growing vigorously, ana ineir weaves 
injury* The background is ruled In l-foot squares. 
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Tablb 1. — Summarized data an 3 generationa of soybeans from a cross between 
mini (rough’^hairy) and a dominant glabrous type, grown at Arlington Experiment 
Farm, in 1931, 1933, and 1933 to determine whether resistance to injury by the 
potato leaf hopper is correlated with occurrence of rough-hairy pubescence 


# 

Year 


Genera* 

tion 


Phenotypes 


Progenies 


Individuals 


Glabrousi 


Rough- 

hairy* 


Ratio of 
glabrous 
to rough- 
hairy 


1931. 


Fa 

Fi 


Fj 


( Glabrous 

Glabrous and rough-hairy 

Glabrous 

Glabrous and rough-hairy 
Rough-hairy 

{ Glabrous 

Glabrous and rough-hairy 
Rough-hairy 

Total 


Number 

14 

15 
47 
32 
29 
32 
32 

9 


Number 

412 

401 

3,093 

1,416 

0 

1,995 

1,253 

0 


Number 

0 

129 

0 

442 

5,007 

0 

422 

755 


3.1 :1 


3.2 :1 


210 


8, 570 


6,755 


1 Heavily infested with Empoaeca and severely stunted, having curled leaves with yellowed necrotic 
margins. 

» Practically free from Empoaeca, vigorous, having normal leaves with uninjured margins. 


SOYBEAN INTRODUCTIONS 

Seven glabrous and 27 appressed-haiiy soybean introductions were 
grown in rod rows adjacent to the F, progenies in 1931, while 16 
glabrous and 16 appressed-hairy introductions were grown adjacent 
to the F, progenies in 1932. The rough-hairy varieties Herman and 
Dude were included in the planting of both yeara for comparison. In 
both^ 1931 and 1932, the glabrous introductions (fig. 4, A) were 
heavfiy infested with Empoasca, were stunted in growth to about 1 
foot in height, and had curled leaves with yellowed necrotic margins. 
The appressed-hairv introductions (fig. 4, B), on the other hand, were 
less heavily infested, and, while their leaves were crinkled and slightly 
yellowed at the margins, the plants attained a final height of 2 feet 
or more without evidence of marked stunting. The rough-hairy 
varieties attained a height of approximately 2% feet each season and 
were practically free from leaf hoppers, and their leaves showed no 
symptoms of hopper injury. 

Three of the ^abrous introductions grown in 1931 and eight of 
those grown in 1932 contained a few rough-hairy plants, apparently 
as a result of segregation. In all siich instances the glabrous plants 
were heayjly infested and stunted while the rough-hairy plants were 
practically free from leaf hoppers and grew normally (fig. 4, C) 
just as in the case of the segregating progenies discussed above. 
The possibility of establishing leal hopper resistant strains by selec- 
tion of the haiiy plants from these segregating introductions is evident. 
By this method, Kottur (4) and Kottur and Maralihalli (5) established 
a leaf hopper resistant strain of American cotton (Gadf« No. 1) which 
almost entirely replaced the ordinary Dharwar-American variety (a 
mixture of hai^, sparingly haipr, and glabrous phenotypes) in the 
Dharwar-American tract in India. 











Figure 4.— Glabrous (A), appressed-halry (B), and segregating (C) soybean introductions, growmg on 
July 29, 1932. The glabrous plants have been stunted by a heavy infestation of leaf hop^re, the ap- 
pre^d-hairy plants are less neavily infested and show no niarked stunting, jalthough their leaves 

of tho moi^fnc 1 


leaf hoppers, and their leaves show no symptoms of injury. 
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DISCUSSION 

Nagai and Saito (7), Stewart and Wentz [IZ), Owen (S), Wood- 
worth and Veatch (J.5), and Veatch (IS) have reported that glabrous 
soybeans were stunted in growth and yielded less than the pubescent 
varieties. Veatch (IS) concluded from his genetic studies that in the 
dominant glabrous type of soybean, the factor Pi inhibits the normal 



Figure 5.— Representative plants of three F< progenies Irozn a cross between Illini (rough-hairy) and a 
dominant glabrous soybean, grown in a tobacco-cloth cage infested with Empoasca {A-D) and in a similar 
uninfested cage (E-H). The infested glabrous plants (homozygous, A; heterozygous, C) are stunted and 
have curled leaves with yellowed margins, while those kept free fnim leaf hoppers (homozygous, E; 
heterozygous, O) have uninjured leaves and have made practically as tall growth as the rough-hairy 
plants (homozygous, B, F; heterozygous, D, H). The background is ruled in 1-foot squares. 


vigor and plant development as well as pubescence or is closely 
limced with factors that reduce vigor and development. Since P, is 
not present in the recessive glabrous type, Woodworth (14) concludes 
that here lack of vigor most likely is due to the recessive factor p,, 
which is responsible for glabrousness in this strain. The writers have 
observed that when progenies are grown to the young plant stage in 
a greenhouse free from leaf hoppers, the rough-nairy seedlings grow 
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more rapidly and somewhat more vigorously than the glabrous 
seedlings, apparently because of some genetic difference. However 
when propmes are grown to maturity out of doors, but under cages 
so that the plants are kept practically free from leaf hoppers the 
glabrous plants, while much lower in seed yield, are not severely 
stunted in growth. This fact is illustrated by figure 5, showing 
plants from the F4 generation of the cross between Illini (rough-hairy) 
and a dominant glabrous soybean, which were grown in tobacco-cloth 
cages in 1932. The plants above (A-D) are from a cage containing 
half of each of three phenotypically different progenies, which were 
artificially infested with potato leaf hoppers. The plants below {E-H) 
are from a cage containing the other halves of the same progenies, 
which were kept free from leaf hoppers throughout the season. The 
infested glabrous plants (A^ C) are stunted and have curled leaves 
with yellowed margins, while those kept free from leaf hoppers {Ey G) 
have uninjured leaves and are practically as tall as the rough-hairy 
plants. It would appear, therefore, that the extreme differences in 
growth and vigor between the rough-hairy and glabrous types when 
grown in the field are due in part to. infestation of the glabrous plants 
with potato leaf hoppers. 

The significance of the dense rough-hairy pubescence in the resist- 
ance of this type to leaf hopper injury is an interesting question which 
so far has been answered only in part. Monteith and Hollowell {6) 
observed that plants with succulent and fleshy veins or petioles, such 
as cowpeas, seem to bo preferred bv the hoppers, and conclude that, 
although dense pubescence evidently serves as a mechanical obstruc- 
tion which in some way interferes with the activities of the insects, 
there appears to be some factor involved other than or in addition to 
that of hairiness. Poos and Smith {10) compared oviposition and 
nyrnphal development of Empoasca fabae on plants with the various 
types of pubescence and concluded that factors other than amount 
and type of pubescence probably are responsible, at least in part, for 
the resistance to injury by this leaf hopper observed in some of the 
strongly pubescent vaneties of legumes. Jewett {2) observed no very 
direct relation between amount of injury and amount of pubescence 
in red clover and considered some unknown factor to be responsible 
for the resistance of the native rough-hairy type. He later (3) re- 
ported that leaves of Kentucky red clover (rough-hairy) were more 
resistant to puncturing than leaves of Italian red clover (practically 
glabrous) and concluded that the greater resistance of Kentucky 
clover to injury by E, fabae is due, in part at least, to greater resist- 
ance to puncturing. Since the histological work of Smith and Poos 
(11) showed that E. fabde feeds of necessity upon the vascular tissu^ 
of its hosts, measurements of the resistance of the leaf blades of red 
clover to mechanical pxmeturing probably are of only slight value m 
explaining differences in resistance of strains with the various types 
of pubescence. The results reported in this paper suggest that in the 
soybeans tested the mechanical protection of dense rough-hairy pubes- 
cence was primarily responsible for the resistance of the hairy plants 
to injury. Otherwise, one must assume the existence of some other 
character the inheritance of which is controlled by the same hereditaiy 
complex as pubescence. If another character for resistance existed, 
its presence probably would have become evident in at least a few of 
the segregating progenies. 
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SUMMARY 

Soybean progenies of the Fa, F^, and Fs generations from a cross 
between Illini (rough-hairy) and a dominant glabrous soybean were 
grown in 1931, 1932, and 1933 to determine whether the resistance of 
rough-haiiy soybeans to the injury caused by the potato leaf hopper, 
Empoasca jahae (Harris), is correlated with the occurrence of rough- 
hairy pubescence in material of known genetic constitution. 

In the three generations tested the glabrous individuals of both the 
homozygous glabrous and the heterozygous progenies were all heavily 
infested with Empoascaf severely stunted in growth, and had curled 
leaves with yellowed necrotic margins. The rough-hairy individuals, 
on the other hand, were almost entirely free from Empoasca^ and ^ew 
vigorously, and their leaves showed no svmptoms of leaf hopper injury. 

Glabrous and appressed-hairy soybean introductions from the 
Orient were grown adjacent to the progenies in 1931 and 1932. The 
glabrous plants were heavily infested with leaf hoppers and were 
severely stunted, while the appressed-hairy plants were less heavily 
infested and were not markedly stunted in growth, although many of 
their leaves were crinkled and had yellowed margins which later be- 
came necrotic. Some of the glabrous introductions contained rough- 
hairy plants, probably segregates, which were practically free from 
leaf hoppers and showed no symptoms of injury. 

It would appear that in the soybeans tested resistance to leaf 
hopper injury was due to the rough-hairy pubescence or to* some 
character the inheritance of which is controlled by the same hereditary 
complex as pubescence. No evidence of the existence of such a 
character was obtained in these studies, which involve three genera- 
tions of progenies consisting of 8,570-glabrous and 6,755 rough-hairy 
individuals. 
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INTRODUCTION 


Considerable evidence lias accumulated which indicates that a 
wide variation exists in the growth-promoting properties of the pro- 
tein-rich feedstuffs used in poultry rations. These discrepancies 
have been ascribed largely to differences in quality of proteins. Nor- 
ris and Heuser (12)^ suggested, however, that those properties may 
be due not only to protein quality but also to vitamin G content. 
Later Norris and his coworkers (JS)^and Bethke, Kecord, and Ken- 
nard (1) showed that the need of poultry for vitamin G is very great 
and that cereals and their byproducts do not contain sufficient of 
this vitamin to satisfy the neea. It was evident, then, that much of 
the vitamin G required by poultry was supplied by means of the 
protein concentrates. Hence the usual conception of the value of these 
feedstuffs was only partially correct and a further investigation of 
this field was necessary. 

Preliminary studies with chicks to determine the growth-promoting 
properties of meat scraps, whale-meat meals, and fishmeals, appeared 
to confirm the suggestion of Norris and Heuser (12). Accordingly, 
the subsequent work was conducted in two phases, based upon the 
theory that the value of protein-rich feedstuffs for feeding poultry 
w^as due both to protein quality and to vitamin G content. The 
first of these studies was limited to the evaluation of the proteins by 
determining their relative efficiency of utilization for growth processes. 
The seconcT dealt with the quantitative determination of the vitamin 
G content of these materials. In a preliminary report of this inves- 
tigation (35) j evidence was presented which supports the initial 
theory. This has been corroborated recently by Kecord, Bethke, 
and Wilder (18), who found that haddock meal frequently contains 
considerable vitamin G as well as protein of fine quality. 

THE RELATIVE EFFICIENCY OF THE PROTEINS 


METHOD 

Originally it was planned to adapt to chicks the method of Mitchell 
(10) for determining the biological value of proteins. St. John and 
his coworkers (30) liave since reported on such an adaptation. 
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However, the lack of a suitable synthetic ration capable of supporting 
the chicks satisfactorily for even a period of 1 week and the lack of 
an accurate method for differentiating urinary and fecal nitrogen 
added such variants to this procedure that the necessary assumptions, 
in addition to those in the original method, might seriously have 
impaired the value of the data. Furthermore, the practical applica- 
tion of determinations of biological value is difficult, since the effects 
of digestibility have been eliimnated. The biological value, there- 
fore, expresses only one phase of protein iitilization, that indicating 
the extent to which the assimilated protein under study meets the 
amino acid requirement of the animal used. A simple nitrogen 
balance trial was therefore decided upon since the resmts obtained 
would be a measure of the entire natural process rather than any 
part of it and could be directly applied in practice. A practical 
cereal basal ration was usedfin these studies. 


Table 1, — Constitution of the casein control ration 


Ingredients 

Parts 

Nitrogen 

Fat 

A.sh 

Yellow com meal - 

Percent 
33. 82 
20.00 
1.00 
.50 
.56 

Percent 

0.511 

589 

Percent 

1.57 

.91 

Percent 

0.52 

.68 

1.00 

Wheat-flour middlings 

Salt- 

Cod-liver oil - - — 


.50 

Liver-extract (dry basis) 

.045 

.06 

Subtotal - 


55.88 

7.69 

1.51 

3. 57 

1. 145 
1.055 

2.98 

.01 

1.51 

2.26 

.17 

Casein — 

Lard 

Bone ash - - 


3. 67 

Subtotal— - 



68.65 

31.35 

2.200 

4.50 

6.00 


Total - 



6.00 

100.00 

2.200 

! 1.50 



The casein control ration and the method of standardizing the nitro- 
gen, fat, and ash at the required levels are given in table 1. The 
amount of wheat^flour middlings was standardized at 20 percent but 
the com meal varied in different lots of the basal diet according to the 
amount necessary to make the total nitrogen from these sources 1.10 
percent. The omy variation between the rations within a trial was 
m the protein supplement used and in the amounts of bone ash, lard, 
and sugar necessary to make the proper adjustments. The total 
amount of nitrogen supplied was equivalent to 13.75 percent of 
protein (N X 6.25), which is below the optimum requirement of White 
Leghorn chicks during the early stages of growth (4). 

The liver extract was obtained by a method suggested by R. M. 
Bethke, of the Ohio Agricultural Experiment Station. Pork Uver was 
ground, cooked in double boilers, dned, reground, and extracted with 
ether. The residue from 1 kg of dried liver was extracted five times 
with 2 1 of 20-percent alcohol by weight. The combined filtrates were 
heated to boiling, filtered, and concentrated in vacuo so that 1 mil of 
extract was equivalent to 1 g of the original dried Uver. Assays 
showed that this should be used at a level of 2 nil, or 0.56 g on the dry 
basis, per 100 g of ration in order to supply sufficient vitamin G. 

This ration was mixed together with the exception of the cod-Uver 
oil and was granulated by moistening, drying at low temperature, and 
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grinding to pass a 10-m^ screen. By granulation, the feed wastage 
was reduced to negligible proportions. 

The trials were conducted with normal White L^hom chicks during 
the sixth and seventh weeks of age. Chicks of this age are still in a 
period of rapid growth, but are not in a period of active molt. The 
excreta, therefore, consisted of feces, urine, and slough of wlHn and 
feathers. During the first 5 weeks, the chicks were reared on a com- 
plete ration containing an e.xces8 of the vitamin G complex. They 
were then ^stributed evenly according to weight and sex in individual 
cages, equipped with feeders especially designed to reduce feed wast- 
age to a minimum (fig. 1 ) . Six chicks per lot were used in these studies 
since preliminary work had indicated that this number was sufficient 
for consistent results. The room used for this work was well venti- 
lated and was heated with steam thermostatically regulated to main- 
tain the temperature at approximately 70° F. A time clock was 
used to insure a 15-hour day. 



Fiqub£ l.—Individual cages, equipped with feeders especially designed to reduce feed wastage to a minimum . 

The birds were fed the growth ration for 2 days to accustom tliern 
to the cages. They were then given the experimental ration for a 
preliminaiy period of 5 days in order to adjust them to the ration and 
to cleanse tne body of residual nitrogen from the growth ration. 
Preliminary trials had shown that 5 days was adequate for this pu^ 
pose. During this time the birds were weighed daily at 9 a. m. and 
were then fed one-half of their daily ration. The remainder was fed 
at 5 p. m. The amount of feed given each chick daily was equal to 
10 percent of the body weight. By this system of feeding the appe- 
tites of all cbickSi regardless of growth rate, were approximately 
equally satisfied. This level of feeding was slightly subopumal. 
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The experimental period began on the morning of the eighth day 
and ended at the same time on the fourteenth day. Preliminary 
studies had shown 6 days to be the optimum length of time. The 
birds were weighed and were fed as already described except that 
distilled water was given in place of tap water. Clean cage floors 
and excreta pans were substituted for those used in the preliminary 
period as soon as possible after the morning feeding of the eighth day, 
and the exact hour was noted. In order to prevent loss of ammonia, 
about 200 ml of distilled water and 10 ml of sidphuric acid were 
placed in each pan. Several blank pans were likewise treated in 
order to check the presence of ammonia in the air from outside sources. 
The birds wore removed from the cages on the fourteenth day at the 
same hour that the excreta pans had been placed in use 6 days pre- 
viously. 

As a general rule, the average gain per bird during this period was 
about 70 g on the casein control diet. Tliis gradually decreased to 
about 35 g on diets with a relative protein efficiency of approximately 
CO. The occasional birds which failed to gain in the same manner 
as the others in their particular lot or to cat the required amount of 
feed, or which wasted an undue quantity of feed were eliminated. 

The material adhering to the wire-mesh floors was removed mto 
the excreta pans by scrubbing, and the excreta of all birds in each 
lot left in the experiment were mixed by sex. Concentrated sulphuric 
acid was poured into each jar of excreta, with constant stirring, to 
the extent of about 30 ml per bird represented, and the jars were 
subjected to a temperature of about 60° C. for several days in order 
that the excreta might undergo partial hydrolysis. The excreta were 
then rinsed into a tared mixing can, weighed, wliipped at high speed 
in order to thorougldy break up and mix the material, and a sample 
was weighed out for nitrogen analysis. 

The percentage of nitrogen utilized for growth by each sex in each 
lot was computed from the analyses of the feed consumed and of the 
excreta, correction being made for any nitrogen found in the blank 
pans. The percentage storage was then calculated for each sex and 
the results were averaged by lot. The necessity for doing this was 
later confirmed by a statistical study by Fisher’s method (S, pp. 
105-107) for paired data of the results of 38 lots on the casein control 
ration. The average percentage storage for the males was 41.93, and 
for the females, 40.85. The odds were 49:1 that this difference was 
not due to chance alone. The relative protein efficiency was de- 
termined by dividing the percentage of nitrogen stored from the pro- 
tein under study by the percentage stored from the casein control lot 
for that particular trial and multiplying by 100. 
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Table 2.— Consistency of the results obtained in determining relative protein 

efficiency of fishmeah 


Fishinoal 

Trial 

Protein storage 

Helative 

efficiency 

no. 

no. 

Sample 

Casein 

Sample 

Aver- 

age 

12 

/ 22 

Percent 

45.2 

Percent 

43.2 

105 

} m 

i 33 

40.7 

30. 0 

104 


/ 22 

40.4 

43.2 

94 

1 94 

13 

1 33 

3fi 0 

3U.0 

94 

23 

/ 3:i 

37 1 

39.0 

95 

} 95 

1 37 

37. 0 

39.0 

95 

30 

1 :w 

37 A 

42 7 
38.4 

39. 0 

109 

ia5 

§ 


1 42 

47.6 

44.4 

107 


Fishmeal 


Trial 


no. 


uo. 


31 

32. 

51. 

52. 



Protein storage 

Helative 

efficiency 

Sample 

Casein 

Sample 

Aver- 

age 

Percent 

Percent 



41.8 

43.0 

07 

1 

3S. 2 

39.0 

98 


41.8 

44 4 

04 

1 

44.3 

43.0 

103 

1 

41 9 

39.0 

107 

} lO.'i 

46.8 

44.4 

105 

1 

41.9 

41.9 

100 

1 100 

44 5 

44 4 

100 

44.2 

41.9 

m 

} 100 

47.2 

44.4 

106 


Some typical results on fishmeals in which repetitions have been 
conducted are presented in table 2. These data show that the per- 
centage storage of a particular sample varied somewhat with repetition. 
An accumulation of such data over a period of several years indicated 
that this variation was seasonal, tending to be high in the spring and 
summer and low in midwinter. On the other hand, the results show 
that this variation was compensated by including the casein pen as a 
control lot and by expressing the results as relative protein efficiency, 
since the widest variation in any sample was 4. By using analysis of 
variance according to Snedecor {22 , pp, 13-20)^ the ratio (F) of the 
mean square between the means of the fishmeals and the mean square 
within fishmeals was 33.2. Since a value for F of 5.06 under these 
(umditions is liighly significant, the chance of getting a difference 
greater than 4 in the relative protein efiiciency by repetition of a 
determination was less than 1 in 100. This showed that a difference 
greater than 4 in relative protein efficiency is probably significant, or 
very nearly so. 

Since the standards for fat and bone ash originally set were exceeded 
slightly from time to time, the effect of variations in these nutrients 
and, in addition, the effects of adding moderate amounts of fiber and 
of varying the protein level were studied. The results, shown in table 
3, demonstrated that a consjiderable deviation was permissible in fat, 
ash, and protein. The addition of fiber in excess of 0.5 percent, how- 
ever, materially reduced the efficiency of utilization of protein. These 
data also showed that the level of nitrogen adopted was well under 
the optimum requirements for birds at this age on restricted feeding 
despite the fair rate of growth attained. 



388 


Journal of Agricultural Beaearek 


Vol.Sl.iio.t 


Table upon relative protein efficiency of variatior^ in the amounts of 

various nutrients in the control diet when fed chicks in different pens 




Nutrient in diet 


Rela- 

tive 

protein 

effici- 

ency 



Nutrient in diet 


Rela- 

tive 

protein 

effici- 

ency 

Pen 

no. 

Total 

nitro- 

gen 

Total 

(at 

Total 

ash 

Added 

liber 

Pen 

no. 

Total 

nitro- 

gen 

Total 

fat 

Total 

ash^ 

Added 

liber 

1 

Percent 

2.20 

Percent 

4 5 

Percent 

6 

Percent 

0 

100 


Percent 

2.20 

Percent 

4.5 

Percent 

6 

Percent \ 
.5 ! 

lOi 

2 

2.20 

4.5 

8 

0 

oe 

7 1 

2.20 

4.5 

0 

1.0 

97 

3 

2.20 

6.0 

6 

0 

97 

8 

2.20 

4.6 

6 

2.0 

91 

4 

2.20 

7.0 

6 

0 

97 

9 

1.92 

4.5 

6 

0 

98 

5 

2.20 

7.0 

8 

0 

97 

10 

2.48 

4.5 

6 

0 

97 


Table 4. — Relative protein efficiency of common protein supplements 





Relative protein efficiency of sample— 



Aver- 

Protein supplement 













0 

b 

c 

d 

e 

f 

9 

h 

i 

} 

k 

1 

age 

Casein 













100 

Dried skim milk 

ioo 

ioi 











1(X) 

White fishmeal: 

Vacuum dricKi 

99 

* 100 

1 100 

1 102 

* 102 

1 105 

105 

1 106 

t 106 

* 107 

107 

111 

104 

Steam dried - 

> 1^ 

1 106 

104 

Flame dried 

1 94 

1 95 











94 

Sardine fishmeal: 

Domestic 

94 

102 











98 

Asiatic... - 

89 

93 



1 








91 

Menhad^ fishmeal: 

Steam dried 

87 

88 

92 

96 









91 

Flame dried 

79 

81 

*96 

« *108 









80 

Soybean meal: 

Expeller process. 

85 

93 




i 





89 

Hydraulic process 

*76 

85 











85 

Meat scrap: 

76 percent protein 

67 

71 











69 

60 percent protein. 

71 

80 











75 

56 percent protein 

73 

75 

78 

78 

*81 

82 

73 

*83 

"’m 

86 

86 

88 

91 

82 

60 percent protein. 

67 

70 

71 

72 

72 

75 

76 

78 

« 78 

73 

46 percent protein 

72 




72 

Whale-meat meal: 

70-76 percent protein 

73 

73 











73 

66-W percent protein 

54 

53 











1 63 

Com-gluten meal 

1 91 











1 <11 

Oround soybeans 

67 

60 












68 













> These trials were made with samples produced uuder experimental conditions. 

* These trials were not included in the average as the samples were not representative of general com* 
mercial production. 

EXPERIMENTAL RESULTS 

The results obtained on the protein supplements studied are pre- 
sented in table 4. Dried skim milk was found to possess the sime 
protein efficiency as casein. It appears, therefore, that the cystine 
deficiency of casein was adequately overcome by the cereal base 
used. 

The proteins of the whitefish meals i)repared by vacuum drying 
su^assed milk proteins. This was surprising in view of the fact that 
this product is made from the scrap of the cod and haddock fisheries, 
which consists chiefly of backs and heads. The meals dried by 
steam under vacuum possessed no advantage over those dried by 
steam alone, _ but they were significantly better than the flame-dried 
ones. This is in accord with uie results of Daniel and McCollum (2), 
Maynard and his coworkers (7, 8), and Schneider (Jil ) . The variation 
within the vacuum-dried meals was wide. In more detailed studies 
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of some of these samples, reported elsewhere by the writers (;?4) this 
variation was found to be due largely to differences in the method of 
manufacture. 

The domestic sardine meals from the Pacific coast were of 
protein eflBciency. meal is wet-rendered and then driedin 

indirect flame or special steam driers which do not bum the meal 
when properly operated. Since the inclusion of the “stick’' (water- 
soluble materials) had been found to improve the value of whitefish 
meals { 24 ), a sample of concentrated stick obtained in the produc- 
tion of one of the sardine meals was added back to the meal in the 
correct proportion, with the following results: 


Protein efficiency of sardine fishmeal —stick-. 94 

Protein efficiency of sardine fishmeal -f- stick 89 


This drop in value was contrary to results obtained on whitefish 
meals, but ap^peared s^nificant since these figures were averages of 
two trials. The Asiatic sardine meals proved to be slightly inferior 
to the domestic product. 

The results obtained on menhaden fishmeal showed that the samples 
studied were in general somewhat inferior to the other kinds of fish- 
meals. Maynard. Bender, and McCay (7) and Schneider {21) have 
also noted the inferiority of this product to whitefish meal. Men- 
haden meal is produced by wet-rendeiing and is dried generally in 
direct flame dners, which may cause some charring unless carefully 
operated. Some producers are now using steam driers. The men- 
haden meals produced by flame-drying, with two exceptions, were 
poorer than those produced by steam-drying. One of these better 
flame-dried meals was a commercial sample which was comparable 
in appearance and odor to a good steam-dried product. The other 
was especially prepared for experimental purposes. 

A number of these menhaden fishmeals were produced in pairs 
from comparable raw ingredients by the various methods of drying. 
The results obtained are as follows: 


Protein efficiency of menhaden fishmeal, vacuum-dried 89 

Protein efficiency of menhaden fishmeal, flame-dried 81, 108, and 79 

Protein efficiency of menhaden fishmeal, steam-dried 96 and 88 


The first pair showed a considerable difference in favor of the special 
vacuum-dried product over the flame-dried one. These data are 
in accord with those of Maynard and Tunison {8) obtained with the 
rat on the same samples. The second pair of samples was produced 
in a commercial plant, but the flame drier was started up especially 
for this purpose, and a small batch was put through^ at a relatively 
low temperature and in a shorter time than usual. The results 
materially in favor of flame-drying under these conditions. The 
third pair of samples was from the same plant and was prepared with 
both ariers in commercial production. In this case the results were 
in favor of steam-drying and substantiate those of 
coworkers (7, 8) obtained with the rat, and those of Schneider 
obtained with the rat and pig. From these results, it is e^dent that 
good menhaden fishmeal can be produced in the direct flame drier 

onW by careful operation. , , 1 . 1 . i i 

The soybean meals studied proved to be of sUghtly l^wer value 
than the menhaden fishmeals. The results mdicated that meals 
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produced by tlie hydraulic process may be as good as expeller meals. 
The one sample of hydraulic meal that was low had a raw beany 
flavor, indicating insufficient cooking. The results of Osborne and 
Mendel {15) showed that soybeans must be cooked thoroughly to 
obtain the best growth in rats. Robison (f5), using swine, found 
that not only the soybean but also the soybean meal must be subjected 
to sufficient heat if satisfactory growth is to be obtained. Further 
unpublished work by the writers substantiates these results. 

Variable but somew’^hat inferior results were obtained from meat 
scrap. These samples originated from both rendering plants and 
large packing houses and w'ere all dry-rendered in steam-jacketed 
melters. Kraybill (6*) has described the processes usually followT-d. 
This study was restricted mainly to the 50- and 55-percent protein 
grades, since these represent the bulk of the total production. Despite 
a wide variation within each grade, there appeared to be a distinct 
difference in favor of the 55-pcrcent product. The variations in 
protein efficiency were not found to be correlated necessarily with the 
bone-ash content of the scraps. Therefore the inferior protein value 
of 45- and 50-porcent protein meat scrap cannot be entirely explained 
on the basis of higher content of bone proteins. The low efficiency 
found for the 75 percent protein product is in agreement witli the 
results of Prange, Haiige, and Carrick (77). These samples were 
prepared from pork cracklings, which Hoagland and Snider (5) 
have shown to be a poor source of protein for the growth of rats. 

The rendering process apparently causes little variation in the 
protein efficiency of meat scrap, as is shown by the following samples 
from table 4 which were ])repared under controlled conditions: 

ftO pncfnt M perernt 
profnn prolrin 


grade grade 

Protein efficiency of meat scrap, rt gular rendoicd . _ _ . . -78 8() 

Protein efficiency of meat scraj), vivCuum rendered. . 78 81 


The two grades were produced by different packers under commercial 
conditions. Each pair came from comparable raw ingredients, one 
being rendered in the regular manner and the other with some vacuum. 
No beneficial effect was noted from the use of vacuum, since in the 
first pair the temperature used with the vacuum was so low as to 
greatly increase the time of processing, and in the second pair the 
temperature and the length of application were about the same as 
in the regular method. Theoretically there would be no benefits 
from the use of vacuum unless either the temperature or the time of 
processing or botli were reduced under the usual procedure. This 
has been substantiated to some extent by results obtained on several 
pairs of samples from a third company, as follows: 

60 percent 56 percent 


protein protein 
grade grade 

Protein efficiency of meat scrap, regular rendered 67 70 

Protein efficiency of meat scrap, vacuum rendered 72 71 


These meat scraps were prepared from comparable raw material, 
apparently of lower inherent value than those just discussed. The 
vacuum process was a commercial one in which a high vacuum was 
used, and the time and temperature of processing were both less than 
in the regular method. The results were slightly in favor of vacuufn- 
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rendering. It is probable, therefore, that the variations in the protein 
quality of meat scraps arc caused largely by differences in the raw 
matenals used, as concluded bv Pope {16). 

Whale-meat meal on the whole proved to be of low protein effi- 
ciency, although the two high protein samples ranked with 50-percent 
meat scrap. No definite information was available as to the method 
of production of these samples. The two higher grade meals were of 
South American and South African origin, the other two samples were 
from the South Georgia Islands. 

The low protein efficiency obtained on the samples of soybeans is 
in agreement with the results of other wm*kers, who found that raw 
soybeans were an unsatisfactory source of protein for the growth of 
rats (Osborne and Mendel (15)), pigs (Robison {19)) ^ and chicks 
(Tomhavo and Mumford {23)). 

Com-gluten meal was of low protein efficiency in the basal ration 
used, but ill further work conducted at this station, it has been found 
possible to supplement corn-gluten meal so as to make it satisfactory. 

One sample each of steam-dried blood meal and of vacuum-dried 
blood flour were included in these studies, but these products ren- 
dered the rations so unpalatable that food consumption was barely 
sufficient for maintenance. Hence, these results are not given. 
Further work on a practical diet showed that either product could be 
used to replace meat scrap to the extent of not over 2 percent of the 
total mash mixture without materially affecting protein efficiency. 
Hoagland and Snider (5), using tlie rat, and Winter {26)^ using swine, 
have also found dried blood to be of low protein value and unpalatable. 

Sufficient evidence has been accumulated to demonstrate the varia- 
t.ions in relative protein efficiency among and within the common 
protein supplements studied, although the number of samples in some 
cases was limited. The comparative value of the various classes of 
protein supplements is in general agreement with the results which 
Mussehl and Ackerson {11) obtained on single samples ot some of 
these materials, using the growtii of chicks a^^^ a criterion. The varia- 
tions encountered could be explained not only by inherent differences 
in the raw materials but also by diflerences in the processes of manu- 
facture used in producing the finished products. In order to com- 

E ensate for these unavoidable variations in practice, rations should 
e formulated with a sufficient excess of protein to provide a margin 
of safety. 

THE RELATIVE VITAMIN G CONTENT 

In the first part of this paper the writers have pointed out that wide 
variations in growth-promoting properties occurred among and within 
tlie common protein supplements used in poultry feeding, and data 
liave been presented to show that at least part of these variations 
was due to differences in relative protein efficiency. Eviden^ was 
presented in a preliminary report oy Wilgus, Ringrose, and Norris 
{26) that these materials likewise varied in quantity of the vitamin 
G complex and that tffis also accounted in part for such differences 
in growth-promoting properties. In order to verify the preliminary 
results ana to determine more accurately the range in the vitanun 
G potency of such materials, the relative vitamin G content of most 
of the samples used in the previous report, as well as of some additional 
ones, was studied. 
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METHOD 

The assays were made on White Leghorn chicks by a method 
developed at this laboratory. Chicks were gro^ on a wire floor 
to 2 weeks of age on a ration deficient in vitamin G. Preliminary 
work had shown that this period was adequate to deplete chicks of 
their natural reserve of this factor. They were then distributed 
equally in all lots according to weight, the extremes being eliminated. 
Approximately 70 percent of the chicks originally started were used 
in the experimental trials. In the seven trials reported here, an 
average of 20 chicks per lot was used, but the number ranged from 
1.5 to 22 in the different trials. 

After distribution, the chicks were individually banded, reweighed, 
and then fed the basal ration, supplemented by 5 or 10 percent of 
the materials under study. One lot was continued on the bMal 
ration as a negative control. During the expmmental period, 
records of food consumption and of individual weights were made 
weekly. 

The basal ration was composed of wheat-flour middlings, 20; yellow 
com meal, 54; cod-liver oil, 1; purified casein * to make 25 percent 
of protein on the dry basis; bone ash and refined cottonseed oil to 
standardize the bone ash at 2 percent and the fat at 6 percent in all 
cases; and cornstarch to make 100 parts. In the supplemented 
rations, 5 or 10 percent of cornstarch was replaced by the supplement, 
and the levels of protein, fat, and bone ash were adjust to tlie 
required amoimts. In the last two trials, it was necess^ to increase 
the level of bone ash to 3 percent in order to include certain meat 
scraps h^h in this respect. No effect of this variation could be noted. 

The basal ration used in this investigation was nutritionally 
complete insofar as known except in the vitamin G complex. It was 
greatly deficient in the growth-promoting phase of tliis complex but 
seldom deficient in the antipellagric phase, and then so slightly that 
growth was not retarded. On the other hand, the nutritional 
paralysis associated with this complex (Norris et aJ. (14 ) ; Bethke et al. 
(1)) did occur to a moderate extent, but it was not severe enough to 
affect growtib results except in a few cases. Such individuals were 
eliminated. 

In fotir experiments, the birds were continued on the experimental 
diets for 6 weeks in order to determine the proper length for the 
experimental period. Six weeks proved to be too long, as the growth 
rate slowed up toward the end of ^at time and the need for vitamin 
G was reduced. As a result, the birds on the higher levels of vitamin 
G gained at a proportionately lower rate because of the operation of 
the law of diminishing increment. The net result was an apparent 
drop in potency, particularly when the growth on the negative control 
ration was higher than usual on account of variations in the vitamin 
G content of the basal ration. This effect, however, was not evident 

* Commercial casein was purified of vitamin Q by dissolving 1 part in 10 parts of dilute sodium hydroxide 
solution* adjusting the pH to 0.0, and stirring constantly for 16 hours at a temperature of approximately 
60** 0, The casein was precipitated with hydrochloric add, drained, washed four times with tap water, 
and dried. 
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during the first 4 weeks. The experimental period was limited there- 
fore to 4 weeks. 

It was felt that in determining the vitamin G content of protein 
concentrates the law of diminismng increment might interfere with 
the interpretation of the results. Hence, a study was made of the 
effect of this law on feeding m-aded (quantities of vitamin G, dried 
pork liver being used to supply this vitamin. A straight-line curve 



Fiourk 2.— Weight gains of chicks fed dried pork liver as a source of vitamin O over gains of negative 

control birds. 


was found to fit best the data obtained. These data and the straight- 
line curve are presented in table 5 and figwe 2, respectively. This 
study demonstrated that at the levels of vitamin G used the law of 
diminishing increment had not become appreciably effective and that, 
unless unusually large quantities of the protein concentrates were fed, 
this law would not influence the accuracy of this method of determin- 
ing the vitamin G content. 
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Table 6 .' — Weight gains of chicks fed dried pork liver at different levels as a source 
of vitamin 0 over gains of negative control birds 


Gain over negative control birds in- 


Dried pork liver 
fed (iiercent) 

Experiment 1 

Experiment 2 

Experiment 3 

Average 


Gfiin 

Standard 

error 

Gain 

Standard 

error 

Gain 

Standard 

error 

Gain 

Standard 

error 

0.25 

Or a nut 

34 8 

17.09 

Grams 

25.1 

11.80 

Grams 

25.0 

8.54 

Grams 

20.3 

0 45 

.50 

04. .5 

12. 34 

73 2 

10.43 

47.4 

9. 93 

50.8 

95 

1.00 

104.8 

19.42 

104 8 

23.11 

105.9 

12.81 

105.4 

9, 09 

2.00 

210.2 

8.84 

179.8 

14.40 

20:1.9 

13.04 

207.4 

0 00 


in calculating the data presented in table 5, the niean of the aver- 
age weight of males and females in each pen and its standard error 

were obtained by the approximate formula, ^ ^ ^ derived 


from the exact formula given by Mellor (9^ j). 553), This was used 
in order not to give too much weight to the females, which by 
nature are lighter than males and therefore have a smaller standard 
error. Three individuals which lost weight or failed to gain, usuall}^ 
presaging death, were eliminated out of a total of 299 birds. How- 
ever, in averaging the lot gains made in the throe trials on the same 


level of pork liver, the more exa<*,t formula (Mellor 09)), 



B 

¥ 




I 

¥ 


1 



1 , was employed in order to give the greatest weight to the 


average gain with the smallest probable error, thus giving the greater 
influence to those lots of chicks in which the least deviation occurred 
and in which larger numbers were used. 


The straight-line curve (fig. 2) was used in determining the relative 
vitamin G potency of the protein-rich feedstuffs studied. At the end 
of the 4 weeks’ experimental period the average gain per lot over the 
negative control lot was determined and plotted upon this curve to 
find the quantity of dried pork liver which gave an equivalent gain. 
Upon dividing this by the percentage of protein concentrate used and 
multiplying by 100, the potency in the growth-promoting phase of the 
vitamin G complex was obtained relative to dried pork liver as 100 
percent. 

Care was taken to use such levels of the protein concentrates that 
the gains would fall upon the straight-line curve. In cases in which 
10 percent of supplement was added, there appeared to be some 
possibility that if a supplement of low protein quality were used, the 
protein efficiency of the diet might be low enough to be a limiting 
factor. However, in no case was the amount of casein used small 



Sept. 1 , i«3s Vitamin 0 Content oj Protein in Poultry Rations 396 

enough to reduce the combined proteins of the com meal, middlings 
and casein to less than 18 percent. Since the results obtained with 
this type of diet by Heuser and Norris U) indicate that this quantity 
of protein supports maximum growth, it is improbable that protein 
efficiency was a limiting factor at any time. 

EXPERIMENTAL RESULTS 

The relative vitamin G content of the protein supplements used in 
these experiments is given in table 6. The results in table 5 and those 
presented in an earlier study (24) show that a difference of about 20 g 
in the ^ains over the negative control lot was significant when repli- 
cate trials were conducted. By interpolating on the straight-line 
curve shown in figure 2, a gain of 20 g was found to be equal to that 
produced by 0.20 percent of dried porlk liver; therefore a difference in 
relative vitamin G content of 4, when 5 percent of the material under 
study was used, or of 2, when 10 percent was used, was significant. 
It was concluded, therefore, that as a general rule a of difference 5 or 
more in relative vitamin G content was significant. 

Table 6. — Helatim vitamin G content of common protein supplements 


rrotem supplement 



Relative vitamin O content of sample - 

- 

Aver- 






i , 

1 




age 


a 

h 

c 

d 

e 


1 

h 

t 

J 


Dried pork liver 






1 

i 




100 

Dried skim milk 

17 

17 

19 

20 

! 20 

i 

j 1 



19 

White fishmeal: 


! 









Vacuum-dried 

» 5 

1 7 


8 

i >9 

10 

» 12 

1 1 12 

i 13 

» 17 

10 

Steam-dried 

1 > 3 

> 0 

i * ^ 


1 

I 





6 

Flame-dried . . . 

1 5 




1 





5 

Sardine fishmeal: 





1 

1 


1 





9 

I 2 13 









9 


6 






5 

Menhaden fishmeal’ 






1 

i 





StAfiin-flriArl 

2 

,6 

1 0 . 

i 8 







.6 

Flame-dried 

1 1 

,6 

1 ^ 

! 







4 

Soybean meal: 



1 









KY]iAi}er process 

3 

4 

1 - - 








4 

iTydraulic proce^^*' 

3 

3 1 



— 





3 

Meat scrap: 







1 




76 prntein 

6 

6 









6 

fin pArrwtnt. prntAin 

,6 

a 

10 








7 

.6.6 pAri^nf. prntein 

4 

4 

6 

6 

7 

7 

» * 11 

l 2 14^ 



,6 

50 percent protein 

3 

3 

4 

5 

6 

6 

7 

11 

1 11 

a 14 

0 

nAff*nAnf nrnti^in 

5 










0 

Corn-criiifATi mAnl 

0 










0 

Dried hinnd 

0 

6 



1 






0 

Drniind anvVinaria 

2 

3 

3 

‘4 






3 






1 1 






' These trials were made with samples produced under experimental editions. 

> These trials were not included in the average as the samples were not representative of general commer- 
cial production. 


The value found for dried skim milk was about one-fifth that of 
dried pork liver. The individual samples possessed potencies within 
the limits of experimental error. These were aU samples repre^nta- 
tive of commercial production, 4 being roller-dried and 1 spray-dned. 
The high feeding value attributed to dried skim milk in the PS'St 
appears to be justified, for the samples studied were unifmmly high 
both in relative protein efficiency and in relative vitamm G content. 
However, this product is probably of primary value as a source of 
vitamm G, since some protein supplements nearly equal or even sur- 
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pass it in protein efficiency when combined with the proteins of com 
and wheat (2D. 

The haddock meals possessed about one-half the vitamin G potency 
of dried skim milk. The vacuum-dried meals were superior to those 
dried by steam alone or by flame. The variations within the vacuum- 
and steam-dried samples had previously been shown by the writers 
(^ 24 ) to be due largely to the method of manufacture and the types of 
ingredients used. They also showed that the vitamin G content of 
this kind of fishmeal when properly prepared was sufficient to be of 
considerable practical importance. This finding is supported by the 
results of Record, Bethke, and Wilder (18). 

The domestic sardine meal was comparable with whitefish meal in 
vitamin G content in spite of the fact that this was a wet-rendered 
flame-dried product. That this product may have an inherent 
vitamin G content as high as that of whitefish meal is evidenced by 
the high value found in an experiment where the stick was returned to 
the wet-rendered meal in the correct proportion. The results ob- 
tained were as follows: 


Relative vitamin G content of sardine fishmeal— stick 9 

Relative vitamin G content of sardine fishmeal -f stick 13 


The latter value approximated that of dry-rendered vacuum-dried 
whitefish meals prepared under proper conditions. This fact indicates 
that the indirect fiame drier used may not have had a more destruc- 
tive effect on the vitamin G content of the meal than the vacuum 
type used for whitefish meals. The stick of sardine scrap had the 
same relative potency as that found for haddock meal in which about 
one-third of the total vitamin G content of the scrap was found in the 
stick (WUgus et al. { 24 )). The Asiatic sardine meal was inferior to 
the domestic sardine meal in vitamin G content. 

The menhaden fishmeals studied were inferior to the other domestic 
fishmeals. The variations encountered were rather wide and could 
be only partially explained on the basis of method of manufacture. 
This was noted in studies of several samples produced in pairs from 
comparable raw material, the results of which are as follows: 


Relative vitamin G content of menhaden fishmeal, steam-dried 6 and 8 

Relative vitamin G content of menhaden fishmeal, flame-dried 1 and 6 


The difference was in favor of steam-drying, but it was not sufficient 
to be of practical importance. The values found approximated those 
of wet-rendered whitefish meals similarly prepared ( 24 ), which indi- 
cates that this fish scrap may be inherently as high in vitamin G as 
the other varieties studied. Under present methods of production, 
however, menhaden fishmeal does not appear to be a very dependable 
source of vitamin G, although it averages about one-fourtli tlie 
potency of dried skim milk. 

The soybean meals were uniformly low in vitamin G. There was 
no difference between the meals produced by the hydraulic and the 
solvent process. These possessed the same vitamin potency as the 
groxmd soybeans. 

The meat scrims, on the whole, were of about the same potency as 
the menhaden fishmeals. The averages obtained for the various 
grades were practically identical although there was a considerable 
rai^e witlm each grade. The reasons for these variationB appear to 
lie partly in the ingredients used, as all but three were dry-rendered 
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by the usual process. This is reasonable to suppose because of the 
natui'e of the raw materials. On the other hand, some variation may 
have been due to differences in the temperature of rendering and 
length of application, since there appears to be no standard procedure 
in this regard, each producer varying the size of chaise, steam pres- 
sure, and time to suit his conditions or prejudices. The effect of such 
variations was noted in a study of paired samples, each pair produced 
from comparable raw ingredients. These results axe as follows; 


Belative vitamin G content of meat scrap, regular-rendered 14, ii, 3 

3) and 4 

Relative vitamin G content of meat scrap, vacuum-rendered 11, 14, 5, 

4, and 7 


The first two pairs were made from ingredients containing some 
livers. In these no beneficial effect was found from the use of vacuum 
since in the first pair the temperature was so low that the length of 
application necessarv was greatly increased, and in the second pair, 
the temperature and time were essentially the same as in the regular 
method. On the other hand, a slight difference in favor of a special 
vacuum method was noted in the last three samples, although the 
values were low, due probably to the inherent value of the ingredients. 
In these tlu’ee cases, the temperature was considerably lower and the 
length of application considerably shorter than are usual when the 
regular method is employed. This fact suggests that the nutritive 
vtuue of meat scrap may be better preserved by using the smallest 
amount of heat possible to render it properly. However, the fluctua- 
tions in potency found for all the meat scraps studied show that they 
were not very reliable sources of vitamin G, although they averaged 
about one-tliird the potency of dried skim inilk. 

Neither steam- nor vacuum-dried blood meal nor corn-gluten meal 
was found to contain any vitamin G. 

The results of this study show that most of the products assayed 
contained variable quantities of vitamin G. This, therefore, confirms 
the original theory that the growth-promoting properties of this class 
of feedstuffs may be due to vitamin G content as well as to protein 
quality. This is further substantiated by the results obtained by 
Record, Bethke, and Wilder (18) on haddock meal. Sufficient samples 
have been assayed in many cases to indicate the scope of the variations 
among and witliin these products. In addition, some samples pro- 
duced under controlled conditions have demonstrated that these 
variations may be due not only to the inherent potency of the raw 
materials but also to the methods of manufacture. The data pre- 
sented therefore emphasize the importance of using types of ruAv 
material of high inlierent value, of manufacturing them by methods 
known to preserve best such value, and of making economic use of 
the nutritive properties of such products. 


SUMMARY 

The utilization for growth processes of the protein of protein-rich 
feedstuffs combined with an equal quantity of protein from yellow 
com meal and wheat-flour middlings was determined by means ot 
nitrogen balance trials. Final results were expressed as relative pro- 
tein efficiency. These values were obtained by dividing the percentoge 
of protein stored from a given ration by normal White Leghorn cnicks 
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during the seventh week of age by that from a standard casein ration, 
and multiplying by 100. 

The relative protein efiSiciency of a number of the common protein 
supplements used in poultry rations has been determined. The 
materials studied, listed in order of their efficiency, are as follows: 
Vacuum- and steam-dried white fishmeals, 104; dried skim milk, 
100; domestic sardine fishmeal, 98; flarne-dried white fishmeal, 94; 
steam-dried menhaden fishmeal and Asiatic sardine meal, 91; soy- 
bean meal, 88; flame-dried menhaden fishmeal, 80; meat scrap, 77; 
whale-meat meal, 64; com-gluten meal, 61; ground soybeans, 58. 
These results show that the vpiations in growth-promoting proper- 
ties among and within the various classes of common protein supple- 
ments studied may be explained at least in part by variations in their 
relative protein efficiency. These variations were apparently due not 
only to differences inherent in the raw materials from which those 
products were obtained, but also to the various factors involved in 
their manufacture. 

A method for determining the relative growth-promoting vitamin 
G content of feedstuff s has been developed, based upon the gain 
produced over the control diet by adding 5 or 10 percent of the su])- 
})lement under study. This was expressed in tenns of dried pork 
liver affording an equivalent gain, and the final results were calcu- 
lated in percentage with dried pork liver as 100. 

A number of samples of common protein supplements used in 
poultry rations have been assayed by this mothoa. The materials 
studiea, listed in order of their vitamin G potency, are as follows: 
Dried skim milk, 19; vacuum-dried white fishmeal, 10; domestic 
sardine fishmeal, 9; meat scrap, 6; steam- and flarne-dried white 
and menhaden fishmeals and Asiatic sardine fishmeal, 5; soybean meal 
and ground soybeans, 3; corn-gluten meal and dried blooa, 0. Thus 
the growth-promoting properties of the protein concentrates were 
found in general to be due to vitamin G content as well as to quality 
of protein. The range within many of the products was founa to be 
rather wide. This was traced to methods of manufacture and types 
of ingredients used. 
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THE NUTRITIVE VALUE OF THE PROTEINS OF CORN- 
GLUTEN MEAL. LINSEED MEAL. AND SOYBEAN-OIL 
MEAL ‘ 


By Kenneth L. Turk, extension animal husbandman^ F. B. Morrison, animal 
husbandman and head of department of animal husbandry^ and L. A. Maynard 
animal nutritionist^ New York (Cornell) Agricultural Experiment Station * 

INTRODUCTION 

The results of previous experiments from this laboratory (22) ^ 
indicated no differences in the utilization by growing lambs of the 
proteins of alfalfa hay and clover hay when fed at a 10-percent level 
in rations which were presumably adequate in total digestible nutri- 
ents, minerals, and vitamins. Furthermore, no differences were ob- 
served between the biological value of the proteins of an alfalfa and 
com ration and the proteins of a clover and com ration when both 
rations were fed at a 10-percent level of protein. The biological values 
of the proteins of the two latter rations were approximately the same 
as when each of the hays formed the only source of protein, hence 
showing no supplementary effect due to the addition of corn protein. 

The average of the biological values was 81 for clover protein, 79 
for alfalfa protein, 80 for the protein in the combination of clover and 
corn, and 77 for the protein in the combination of alfalfa and com. 
These results were interpreted to indicate that alfalfa hay and clover 
liav are probably not deficient in quality of protein for sheep when 
fed in a balanced ration as regards protein and total digestible 
nutrients. 

Since there were no significant differences in protein utilization in 
these experiments, the question was raised in the minds of the writers 
as to whether or not there are any actual differences in the nutritive 
value of the proteins of common feeds for sheep, when the feeds in 
question are fed in rations which furnish sufficient of total digestible 
nutrients and other laiown dietary essentials, and when fed at the 
same level of protein intake. Very few data have been presented 
which show any marked differences in the efficiency of protein 
utilization when common feedstuffs have been fed to ruminants in 
well-balanced rations (5, ff, 7, 11, 19). The common explanation 
given is that the ruminant has the ability to synthesize certain of the 
essential amino acids as a result of bacterial action in the digestive 
tract. This possibility has been frequently pointed out in the liter- 
ature, especially with reference to the synthesis of cystine by sheep. 

These experimental results (22) have suggested the desirability of 
obtaining further data on the importance of the quality of protein for 
ruminants and of ascertaining whether differences in the biological 
value of proteins can be obtained with the sheep using the nitrogen- 
balance type of experimentation. Therefore, experiments have been 
conducted to determine the nutritive values for sheep of the proteins 
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in three common protein-rich feeds which, on the basis of origin and 
general nutritive value, should furnish proteins differing in quality. 

MATERIALS 

Soybean-oil meal was selected as one of the few plant protein supple- 
ments that furmsh proteins of high quality. Though some experi- 
ments have indicated that soybean proteins are rather low in cystine 
{17, 21), they apparently supply more adequate amounts of the essen- 
tial amino acids than most single seeds or seed byproducts. 

In experiments with swine or rats the proteins of soybean-oil meal 
would probably rank above those of linseed meal and corn-gluten 
meal. Linseed meal is a popular protein concentrate, but some 
experiments have shown that its protein is not of the highest quality 
{10, 15, 19), Com proteins, especially those of the endosperm, are 
low in two of the essential amino acids — tryptophane and lysine. 
Com-gluten meal is probably even lower than the entire corn grain 
in tryptophane and lysine, as it commonly includes none of the germ 
the proteins of which are of better quality than those of the endosperm. 
The immediate object of this investigation, therefore, was to deter- 
mine what differences, if any, would be found in the nutritive value 
of the proteins of soybean meal, linseed meal, and corn-gluten meal 
for growing lambs. 

EXPERIMENTAL PROCEDURE 

In experiments with swine or rats the proteins of soybean-oil meal 
tilted for part of the starch and sugar in a low-nitrogen ration and fed 
to growing wether lambs. The mtrogen balances were determined 
on each ration, and also the digestibility of the protein, the storage of 
protein, and the biological value of the proteins {12, 13). 

The percentage composition of feeds used in this experiment is 
shown in table 1. 


Tahj.k I. — Percentage composititm of feeds used 


Feed 

Dry 

matter 

Ash 

Oude 

protein 

p:ther 

extract 

Crude 

fiber 

Nitrogen- 
free ex- 
tract 

Corn-gluten meal.. 

93.95 

2.80 

42.30 

1.68 

4.96 

42.15 

Linseed meal . - - - - 

93.36 

5.11 

39.01 

5.50 

7.44 

36. 23 

Soybean-oil meal 

93.05 

6.00 

42.00 

5 73 

5.72 

33 34 


The soybean-oil meal was an expeller-process product and had a 
pleasant cooked odor and nutlike taste. All the feeds were apparently 
of good quality and were fed as obtained from the feed manufacturer. 

Each of the feeds was added to a low-nitrogen ration of ground 
wheat straw, cellulose, cornstarch, sugar, corn oil, and salt riuxture 
in such amounts as to provide a protein level of about 1 1 percent. Of 
this 11 percent protein, 10 percent came from the feed in question 
and 1 percent from the straw and other ingredients. The same 
amount of straw was included in all the rations to furnish bulk, and 
different amounts of pure cellulose * were included to equalize the 
concentration of crude fiber. Raw cornstarch, cane sugar, and corn 
oil were included in order to increase and equalize the total energy 


• Washed sylphrap. 
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content of the rations. The composition of the rations is piven in 
table 2. 

Table 2. — Percentage composition of experimental rations 


Constituent 

T^w-nitro- 
gen ration 

< 'orn- 

Kluten-meal 

ration 

Linseed- 
meal ration 

Soybean-oil- 
meal ration 

Corn-gluten meal * . 


23.6 



Linseed meal 


25.7 

* — 

Soybean-oil meal - _ . 



23.6 

25.0 

Straw, wheat 

26.0 

26.0 j 

26 0 

Cellulose, regenerated - 

Starch — 

10.6 

28.0 

«.7 

17.4 

9.0 
17 2 

9.6 

18.0 

Sugar 

28.0 

17.3 

17.1 

18.0 

Corn oil — 

4.5 

4.0 

3.0 

3.0 

Salt mixture 

4.0 

3.0 

3.0 

3.0 

Total - 

100 

100 

100 

100 

Protein content (NX6.25) > 

1.16 

10 69 

11.0 

10. 9(( 


I 'I'hese percentages of nitrogen represent t iio averages of analyses on 3 mixes of the low-nltrogeii ration ami 
0 iiiKes of each of the other 3 rations. 


"Pile salt inixturo was siirilar in coHipositiou to the one designed by 
Woodward and Mc(.^ay {28) whicli is used in this laboratory in syn- 
thetic diets for herbivorous animals. The lambs were allowed free 
access to common salt during all preliminary and intervening i)eriods. 
A vitamin A and D concentrat^e was added during experiment 2. It 
was fed at the rate of 0.0125 g per kilogram of live weight per day. 
No vitamin B supplements were added because this would have 
involved adding nitrogen to the ration. The importance of and 
necessity for vitamins in short balance experiments of this type do not 
seem to be definitely known. 

Three young growing wethers were used. They were purebred 
Shropshire lambs from the university flock. The details involved in 
carrying out the experiments and the methods of analysis used were 
the same as those employed in the previous experiments (22), The 
experimental periods were 10 days in length. The preliminary and 
intervening periods were also 10 days in length, except those preced- 
ing the low-nitrogen periods, whicli were generally longer. 

The lambs were fed twice a day. The plan followed in feeding each 
lamb on the diflferent rations is shown in table 3; 

Table 3. — Plan followed in feeding each lamb the different rations in experiments 

1 and 2 


EXPERIMENT 1 

Lamb no. 6 

Lamb no. 7 

Lamb no. 8 

Low nitrogen. 
Soybean-oil meal. 
Corn-gluten meal 
Linseed meal. 

Low nitrogen. 

Low nitrogen 

Corn-gluten meal . 

Linseed meal 

Soybean-oil meal . 

Low nitrogen.., 

Low nitrogen - - 

Linseed meal 

Soybean-oil meal - - - - 

Corn-gluten meal 

Low nitrogen 

EXPERIMENT 2 

Low nitrogen , 

Soybean-oil meal 

Linseed meal 

Corn-gluten meal 

Low nitrogen 

Low nitrogen — * 

Corn-gluten meal 

Soybean-oil meal — 

Linseed meal-— 

Low nitrogen 

Low nitrogen. 

Linseed meal. 
Corn-gluten meal. 
Soybean-oil meal. 

Low nitrogen. 
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The same low-nitrogen period was used for the last period of experi- 
ment 1 and for the first period of experiment 2. The second experi- 
ment was, therefore, a repetition of experiment 1 with the reversed 
order of feeding the different rations to each lamb. 

DISCUSSION OF RESULTS 

The complete results of the metabolism experiments are presented 
in tables 4 wd 5. For convenience of study, the final values are 
summarized in table 6. 

Considerable variations in individual values are noted in a few 
cases, but they are no greater than commonly occur in expeiiments of 
this type. The average results for each of the two trials agreed quite 
closely in almost all respecte. Further repetition of this work and 
experiments with other species would be desirable. 

There was little difference in the average digestibility of the to«- 
teins of the com-gluten-meal and the soybean-oil-meal ratioiu. The 
proteins of both these rations, however, were slightly more digestible 
than the proteins of the linseed-meal ration. 

There were some differences in the amounts of nitrogen retamed or 
stored on the different rations. The storage from the soybean-oil-meal 
ration was significantly higher than from either of the other two 
rations. The average storage of nitrogen was 33.8 percent for the 
soybean-meal ration, 26.7 percent for the linseed-meal ration, and 
26.5 percent for the corn-gluten-meal ration. The odds (S) are 302 
to 1 {gainst the difference in protein storage between soybean-oil meal 
and linseed meal being due to chance alone. For the other compari- 
son, the odds were 32 to 1 in favor of soybean-oil meal as compared 
with corn-gluten meal. There were sinmar differences in the per- 
centages of digested nitrogen stored. The average percentages of 
digested nitrogen stored were 51 for soybean-oil meal, 39.8 for corn- 
gluten meal, and 41.5 for linseed meal. These results clearly show a 
superiority of the proteins furnished by soybean-oil meal. 

The biologicd values of the protein in the soybean-oil-meal ration 
were sli^tly higher than those for either com-gluten meal or linseed 
meal. The average was 72.8 percent for soybean-oU-meal proteins, 
65.7 for the cqm-gluten meal, and 67.7 percent for linseed-meal pro- 
teins. The difference between the biological values of soybean meal 
and of linseed med is significant as shown by odds of 87 to 1 against 
this difference being due to chance. A tendency toward statistical 
significance is also shown in comparing the soybean-oil-meal ration 
with the corn-gluten-meal ration. The odds in this case are 20 to 1 
in favor of the soybean-oil-meal ration. 

The proteins of linseed meal were less digestible than com-gluten- 
meal proteins but they were utilized a little more efficiently on the 
average. Soybean proteins were digested at approximately the 
same rate m the com-gluten-meal proteins, but were more efficiently 
ut^ed as indicated by the storage and biological values of the pro- 
teins. These results, as a whole, indicate that soybean-oil meal 
furnishes a more efficient combination of amino acids than does either 
linseed meal or com-gluten meal. 

The data on digested protein (nitrogen) stored show greater differ- 
ences in favor of the soybean-oil-meal proteins than do the biological 
values. When the metabolic and endogenous nitrogen losses are 
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considered, and the biological values of the protein computed the 
differences in the averse values between the soybean-oil-meal ration, 
and the other two rations becomes less. Since the two methods of 
(evaluating the proteins differ only in the respect that metabolic and 
endogenous nitrogen are considered in the calculation of biological 
values, these data may question the accuracy of estimating uiesc 
nitrogen losses. The writers recognize that the low-nitrogen ration 
used IS not entirely satisfactory for sheep and for most other species. 
With prolonged feeding of the low-nitrogen ration there is a diminished 
appetite and falling off in food consumption. The data from the low- 
mtrogen feeding periods show that as the feed consumption decreases 
the rate of metabolic nitrogen excreted per unit of feed intake will 
increase, thus producing an error in the calculation of the biological 
values. This error, however, may not be very great. 

Reduced feed consumption during a period of low-nitrogen feeding 
will leave an animal in an abnormal condition and may possibly 
alter the reliability of the results in the following experimental 
periods. These experiments were conducted in such a manner that 
each ration was fed to two lambs just following a low-nitrogen period 
and then again just preceding a low-nitrogen period. Without a 
single exception, the data show that higher biological values for 
eacm feed were obtained immediately following the periods of low- 
nitrogen feeding. These observations are not in agreement with 
those of Mitchell (14) who believes that a period of low-nitrogen 
feeding will exert no appreciable effects on the utilization of protein 
in subsequent experimental periods. There is the possibility, 
however, that the preliminary period of protein feeding was not of 
sufficient length before the collection periods were started in these 
experiments. In no case, however, was there a preliminary period 
of less than 10 days in length. 

The biological values obtained in these experiments for linseed-meal 
proteins compare favorably with those reported by Mitchell and 
Hamilton (15), Working with swine, these investigators obtained 
values averaging 61 when the proteins were fed at a 9-percent level. 
Braman (2), working with rats, obtained much higher values, aver- 
aging 78 at an 8-percent protein level. Bethke and his associates (1) 
reported average values of 71 for linseed -meal proteins fed to rats at 
a 10-percent level. There is possibly a slight species difference in 
in the utilization of proteins wliich may account for some of the 
differences obtained, but they can be attributed in part to the differ- 
ence in level of protein intake. , 

It should also be pointed out that some dried yeast was provided 
in the rations used in these investigations (1 ,2^16) winch undoubtedly 
furnishes protein of high quality. This protein might supplem^t 
that from the feeds in question. , j x i 

For soybean-oil-meal proteins fed with corn silage and corn to lac- 
tating cows, Holdaway, Ellett. and Harris (8) reported utilization 
values of 77 percent. Mitchell and Villegas (18) r^orted average 
biological values of 64 for the proteins in soybeans fed to rats at a 
10-percent level. These values, however, are not (meetly compa- 
rable to those obtained in the experiments reported thp paper. 
Many practical feeding experiments have been conducted, noweye^ 
which show the high value of soybean-oil meal as a protem-nen 

supplement. 
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Table 5. — Nitrogen metabolism data showing the digestibility and biological value of proteins in the second experiment * 
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Tablb 6. — The digestibility and biological value of the proteins of corn-gluten meal^ 
linseed mealj and soybean-oil meal when fed to lambs 


rer(«niaKe (Hgeslibility and biological value 
when fed to lamb no. — 


Item 


Corn-gluten meal: 

Apparent digestibility 

Percentage nitrogen intake stored 

Percentage digested nitrogen stored— 

Biological value 

Linseed meal: 

Apparent digestibility 

Percentage nitrogen intake stored 
Percentage digested nitrogen stored.. 

Biological value. 

Soybean-oil meal: 

Apparent digestibility 

Percentage nitrogen intake stored 
Penmen tage digested nitrogen stored... 
Hiologirtal vaiiio 


6 in experi- 
ment— 

7 in experi- 
ment— 

8 in experi- 
ment— 

3 

2 

J 

2 

1 

2 

67 

68 

64 

65 

70 

64 

34 

24 

26 

31 

24 

20 

51 

35 

40 

48 

34 

31 

74 

62 

66 

69 

61 

62 

.58 

67 

61 

65 

68 

61 

20 

33 

29 

21 

30 

27 

:i4 

49 

47 

31 

44 

44 


71 

73 

.5H 

69 

71 

67 

64 

6.5 

6S 

71 

67 

:u 


.34 

2K 

.39 

:40 

.51 

(H) 

.52 

42 

.55 

46 

73 

79 

7,5 

64 

76 

70 


Average 


66. 3dr0. 67 
26.5=bl.41 
39. H±2 . 23 
65. 7±1.40 

63. 3±1.(JH 
26.7±1 42 
41 6=k2.0] 
67 7±.l .V> 

67 Ori <57 

61. Oil. 76 
72. 


Tlie values for corn-gluteu meal may, in a general way, be com- 
pared with those reported for corn grain since the gluten is largely 
zein, wliich comprises about GO percent of the protein of corn grain. 
Mitchell and Kick {16) reported an average biological value of 54 
for corn protein when fed to pigs at a protein level of approximately 
8 to 9 percent. Later experiments with pigs by Mitchell and Hamil- 
ton (16) gave corn proteins an average biological value of G1 when 
fed at a protein level of 8. 66 percent. 

It should bo pointed out that there is a possibility that the small 
amounts of wheat-straw nitrogen may have supplemented any 
amino acid deficiencies which any of the three feeds used in this 
investigation may have. As determined, however, the average^ 
values for soybean-oil meal are fairly liigh. There are no indications of 
marked amino acid deficiencies in this feed for sheep. These values 
are of special interest, since sheep have a high requirement for cystine 
and soybeans have been reported as deficient in this amino acid. 
However, Csonka and Jones (S, 4) have presented analytical data 
which do not support the idea of a quantitative deficiency of cystine 
in soybeans. They do admit however, the possibility of a deficiency 
in quality of protein, due to low availability of amino acids when the 
raw meal is fed. Osborne and Mendel {W) liad earlier found the 
nitrogen of commercial soybean cake and of soybean meal cooked in 
water was utilized somewhat better than was the case with the raw 
and dry-heated meals. These writers believed the utilization of 
protein was increased by making the airino acids more available for 
assimilation. Perhaps expeller-process soybean meal would not 
show the cystine deficiencies which raw soybeans have apparently 
shown in nutrition experiments {17, 21). 

Some observations on the fleeces of the lambs are of interest. The 
lanabs were shorn at the beginning and again at the end of the ex- 
perimental work. An examination of the wool fibers of all three 
fleeces showed ‘^breaks’' and distinct weakened places which cor- 
responded exactly with the periods of low-nitrogen feeding. The 
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breaking strength and diameter of the wool fibers was greatly re- 
duced during the periods of low-nitrogen feeding. The portions of 
the wool fibers grown during the periods of protein feeding were strong. 
The wool had a beautiful luster and the fibers were apparently of 
normal length. 

SUMMARY 

Metabolism studies were conducted with three growing wether 
lambs to determine the digestibility, storage, and biological value of 
the proteins of soybean-oil, corn-gluten, and linseed meals. The 
experiment was repeated, thus giving sLx determinations for each feed. 
Each of the feeds in question was added to a low-nitrogen ration in 
such amounts as to furnish a protein level of 10 percent, with approxi- 
mately 1 percent additional being furnished by the other ingredients 
of the ration. All rations were equalized in energy content. 

The average coefficients of apparent digestibility for protein were 
67.0 percent for soybean-oil meal, 66.3 for corn-gluten meal, and 63.3 
])ercent for linseed meal. 

The lambs were more efficient in storing protein from the soybean- 
oil-meal ration than from either of‘ the other rations. The average 
percentage of protein intake stored was 33.8 for soybean-oil-meal, 
26.5 for corn-gluten meal, and 26.7 for linseed meal. 

Slightly but significantly hidier biological values were obtained for 
the soybean-oil-meal ration. The average of the biological values was 
72.8 for soybean-oil-meal proteins, 65.7 for corn-gluten-ineal proteins, 
and 67.7 for linseed meal proteins. 

These data jhow the superiority of the proteins of soybean-oil meal 
over those furnished by linseed meal and corn-gluten meal. Further- 
more, they indicate that it is possible to measure differences in quality 
of protein using sheep and the nitrogen-balance type of experimcnta- 
lioii. 
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NUTRIENT-SOLUTION PURIFICATION 
OF HEAVY METALS IN DEFICIENCY 
WITH ASPERGILLUS NIGER ‘ 


FOR REMOVAL 
INVESTIGATIONS 


By Robert A. Steinberg 

Assistant physiologist^ Division of Tobacco and Plant Nutrition, Bureau of Plant 
Industry, United States Department of Agriculture 


INTRODUCTION 


The difficulties associated with the demonstration in culture of the 
chemical elements required by organisms, especially as concerns those 
necessary in very small quantity, are great enough to make welcome 
the introduction of any simple procedure whereby an increase in 
sensitivity or precision may be accomplished. Commercial chemicals, 
even those of the highest purity, usually contain variable but appreci- 
able traces of impurities, often sufficient in quantity to completely 
mask the requirement by the organism of the elements present as 
contaminants. Frequent attempts ^to improve the purity of com- 
mercial chemicals by recrystallization in the laboratory have met 
with but partial success or with failure. The contradictory and 
indecisive results often obtained with commercial chemicals and with 
conipounds recrystallized in the laboratory have not aided in estab- 
lishing definitely the heayy-metal requirements of organisms. 

The successful api)lication by the writer {8, 9y of the method of 
nutrient-solution purification to the study of the heavy-metal require- 
ments of the fun^s Aspergillus niger Van Tiegh. has rendered desir- 
able a thorough study of the method with a view to obtaining further 
improvement in results and a better understanding of the piinciples 
involved, so as to permit the direct application of the method to 
similar studies with green plants. The method of purification 
referred to consists in treating the nutrient solution with calcium 
carbonate in order to increase its alkalinity and to furnish calcium 
for the formation of precipitate to adsorb the traces of the heavy- 
metal precipitates simultaneously formed. In this way the heavy- 
metal impurities of the nutrient solution are precipitated and removed 
as a whole. It was found, for example, that the addition of an iron 
or zinc salt brought about a fivefold increxse in yield of the fungus 
when compounds recrystallized in the laboratory were employed in 
the nutrient solution, whereas the increase obtained by such additions 
after the method of nutrient-solution purification with calcium car- 
bonate had been employed was fiftyfold, or approximately 10 times 
as great. 

^ Analytical methods for the determination of the heavy metals (iron, 
zinc, copper, and manganese) unfortunately are of insufficient sensi- 
tivity or precision to permit of determining the effectiveness of the 
method of purification. While in exceptional cases, as w^h iron, 
these methods permit of the detection of concentrations of about 0.1 
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ing of cation per liter, the apparent optima of these elements for 
growth of the fungus are approximately only 0.20, 0.14, 0.06, and 
0.03 mg per liter, respectively. Distinct responses in growth that 
may be duplicated with fair precision are easily obtainable with varia- 
tions in metal concentration of 0.01 mg of cation per liter. The 
addition to the nutrient solution of 0.001 mg of zinc per liter (1 part 
per billion, or 0.05 7 ^ per culture of 50 cc) may bring about an increase 
of 92.5 percent in yield of Aspergillus niger. 

The very minute quantities in which these elements are required do 
not denote their importance to the organism, since the absence of 
one of the elements from the nutrient solution may result in lowering 
the yield by 60 to 98 percent. The high dilutions in which these 
elements seem to be effective perhaps are likewise deceptive, inasmuch 
as their absorption by the cell may result in their concentration within 
the protoplast. 

Modifications of the writer^s method of nutrient-solution purifica- 
tion have been proposed. Bortols^ (1) studies in effect demonstrate 
that if the nutrient solution is first made alkaline absorbent charcoal 
may be substituted for the calcium carbonate in the method of 
nutrient-solution purification. Bortels obtained results similar to 
those secured by the writer on the iron and zinc requirements of the 
fungus, but he included copper also as essential for the organism. 
Roberg (7), on the other liand, was able to show that alkalinity alone 
is sufficient to precipitate most of the traces of heavy-metal impurities 
in the nutrient solution. Furthennore, according to Roberg, iron, 
zinc, and copper are essential to Aspergillus niger. Another paper by 
the writer {11), besides confirming the foregoing results with iron, 
zinc, and copper, presents evidence that manganese also is essential 
to the mold . 

A recent paper by Hopkins (5) cescribes a successful application of 
tlic method of nutrient-solution purification for the removal of man- 
ganese in studies with algae ami with Lemna, Growth-manganes<' 
ratios of 1 1 or more were obtained by this author. Instead of using 
calcium carbonate to increase the alkalinity as well as to supply 
calcium for the formation of precipitate, Hopkins, like Bortels, 
employed an alkaline solution but added calcium nitrate instead of 
charcoal. Emerson (S), in his investigations on photosynthesis, 
found the calcium carbonate procedure helpful in regulating chloro- 
phyll concentration by adjustment of the iron content of the nutrient 
solution. 

Supplementing the present work on the calcium carbonate method 
of nutrient-solution purification for the removal of heavy metals, data 
are presented on some of its possible modifications. A limited investi- 
gation also was made respecting the possibility of extracting any heavy 
metals stored in the spores prior to their use for the inoculation of 
cultures. 

METHODS 

The methods employed in these studies are similar in all essentials 
to those previously employed and described. The same strain 
of Aspergillus niger was grown for 6 days, at 34.7® to 35® C., on 50 cc 
of 5-percent sucrose solution to which the necessary salts had been 
added, in 200-cc pyrex Erlenmeyer flasks. The incubator employed 
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has been described elsewhere {10). Inoculation was by means of a 
spore suspension containing 0.5 g of potassium bicarbonate per liter 
the inoculum amounting to approximately 0.05 mg of spore material 
per flask. The cultures were filtered, when harvested, through fritted 
glass crucibles of porosity 3 and of 35-cc capacity. Instead of drying 
the felts for 4 days at 103° to 105°, they were dried for 2 hours in a 
rapid current of dry air at 50° to 70° and then overnight in an oven 
at 103° to 105°. Compressed air at 60 to 70 pounds' pressure was 
used instead of a blower and proved satisfactory because of its low 
relative humidity on expansion. This procedure was found very satis- 
factory not only in saving time but also in preventing fouling of the 
crucibles and in preserving the felts in their natural colors. 

The nutrient solutions, after treatment and filtration through fritted 
glass crucibles of porosity 4, were ^stributed into the Erlenmeyer 
flasks, and the heavy metals, in solution as sulphate, were added with 
a pipette to the individual flasks. The flasks then wore sterilized by 
steaming for 10 minutes. 

Acidity readings were obtained with a potentiometer and quin- 
hydrone electrode sensitive to 0.01 pH. 

NUTRIP^NT-SOLUTION PURIFICATION WITH CALCIUM CARBONATE 

The method of nutrient-solution purification, as employed by the 
writer (8) for the removal of the last traces of iron and zinc from the 
complete nutrient solution, has several advantages as compared with 
purification by recrystallization. Instead of a series of operations 
with each individual compound, the method of nutrient-solution puri- 
fication requires only two operations and deals with the impurities of 
the nutrient compounds as a whole. As might be anticipated, it is 
not only much simpler and more rapid than recrystallization but is 
also more effective. The decrease in time and in the number of 
xitensils employed is also an important factor in securing absence of 
contamination and uniformity of results. 

The original procedure employed in nutrient-solution purification 
was to autoclave the complete solution with 15 g of calcium carbonate 
per liter for 20 minutes at a pressure of 1 atmosphere (120.5° C.). 
After standing overnight the solution was decanted from the sediment 
containing the iron and zinc and distributed into culture flasks. 

The results of a study of this method for the purpose of determining 
the effect of the different factors entering into its operation have been 
tabulated in table 1 . The growth ratio, which is determined by divid- 
ing the yield obtained in the presence of an element by the yield 
obtained when this element is omitted, is the reciprocal of the percent- 
age of maximum yield. Duration of treatment has reference to the 
time elapsing between heat treatment and filtration. The table dis- 
closes that variation in the concentration of the nutrient solution or 
purificant, in the duration of treatment, in the acidity, and m the use 
of ammonium sulpliide did not lead to any marked improvement in 
results. This is also true in regard to the length of time for which 
the solution was heated with calcium cai’bonate and for the separate 
treatment of sucrose and salts. However, decreasing to a ininimum 
the total amount of nutrient salts per liter led to a shght improve- 
nient in results. Filtration immediately following treatment 
advisable. The method, therefore, is not critical with respect to the 
factors entering into its operation. 

32006—86 3 
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Tablb 1 . — Effect of variations in •purification method with calcium carbonate on 
growth of Aspergutus niger in a nutrient solution containing 6 percent sucrose 



Content in nutrient 
solution 


Duration of teeatment 


1 

1 


Growth ratio with— 


1 

1 

1 

1 

1 

Culture 

no. 

1 

o 

pS 

O 

ft 

ft 

o 

o 

CO 

U) 

6 

Q 

09 

Q 

Initial pH 

Yield without 
metals 

ft 

Zn 

d 

O 


IIV 

1 

1 

yield 

1 

Grams 

per 

lUer 

10.0 

Grams 

per 

titer 

6.0 

Grams 

per 

liter 

2.5 

Per- 

cent 

1.6 

Hours 

24 

6.64 

Mg 

22.2 

12 46 

26.00 

1. 13 

1.30 

48.03 

Mg 

1.110.0 

2 

2.1 

.76 

.65 



4.73 

208.9 

2.15 

2.08 

1.02 

1.66 

4.41 


136.7 

3 

2.6 

1.0 

1.0 

3.0 

r 

7. 12 

18.6 

40.25 

16.12 

1.76 

1.26 

55.69 

1,066.1 

4 

2.6 

1.0 

1.0 

1.6 

24 

6.90 

10.4 

32. 17 

17.20 

1.48 

1.14 

46.93 

1,000.8 

5 

2.6 

1.0 

1.0 

1.6 

24 

6.77 

14.2 

41.34 

34.08 

1.67 

1.08 

67.24 

1.040.6 

fi>- 

2.6 

1.0 

1.0 

1.6 

24 

7.11 

17.6 

28.70 

27.66 

1.39 

1.00 

48.21 

t 

113.8 

7 2-.- 

2.6 

1.0 

1.0 

.6 

24 

6.73 

23.1 

85.11 

23. 16 

1.54 

1.13 

^40.90 

1.007.0 

8 

2.6 

1.0 

1.0 

.5 

24 

6.87 

10. 3 

33.50 

37. 17 

1.60 

1.20 

76.79 

i 

122. 5 

9 

2.6 

1.0 

1.0 

.1 

24 

6.47 

17.4 

32.03 

32.26 

1.37 

1.24 

52.28 

1, 009.7 

10 9 

2.6 

l.O 

1.0 

. 1 

0 

6.20 

1.5.8 

62.83 

39. 21 

1. 21 

2.13 

64 03 

1.011.6 

11 * 

2.5 

1.0 

1.0 

. 1 

0 

6.72 

23 2 

38.47 

36. 25 

1. 14 

1.76 

4.5. 94 

1.078. 9 

12. - 

2.6 

1.0 

1.0 

.1 

48 

6.66 

16 1 

43.36 

12.19 

1.68 

1.49 

6:1.27 

1. 030. 2 

13 

2.6 

1.0 

1.0 

. 1 

75 

6.63 

28 3 

30.28 

8.08 

1. 13 

1.33 

:i5. 52 

1. 0.30. 7 

14 9 

2.5 

1.0 

1.0 

.1 

24 

6.34 

24.1 

44.98 

17.60 

1. 17 

1.30 

4:i.30 

i,c 

143. 5 

U) 

6 0 

1.0 

1 0 

.1 

26 

6.46 

19.9 

41.90 

12.62 

1.61 

1.37 

52.43 


146.4 

16 

2.6 

2.0 

1.0 

.1 

26 

6.32 

16.6 

43.63 

38.15 

1.79 

1.31 

61.08 

t 

164.2 

17 

2.6 

1 0 

2.0 

,1 

26 

6.49 

18.3 

80.00 

38.82 

1. 13 

1.08 

67. 27 

l,t 

105 3 



2.5 

1 0 

1.0 

.1 

28 

6.90 

19.4 

45.97 

35.71 

1.33 

1.43 

49.62 

1 

♦97.5 

19 

2.6 

(') 

1.0 

.1 

28 

6.95 

11.8 

64. 87 

50.66 

1.10 

1.37 

87.41 

1.039 0 

21.. . . 

2.5 

(^) 

1.0 

.1 

28 

7 81 

12.4 

60.67 

42.53 

1.07 1 

1.60 

64. 48 

1 ^ 

m. 1 


I Treatment at X 20 concentration, then diluted. 

9 Treatment at X 5 concentration, then dUuted. 

9 Filtered immediately after treatment. 

4 Sucrose and salts treated separately. 

9 Autoclaved 1 hour. 

9 Added 0.6 cc (NH 4 ) 2 S par liter. 

^ Substituted 0.64 g of K 2 HPO 4 . 

■ Substituted 0.52 g of KdP 04 

Attpcmpts to obtain an improvement by the use of filter pulp and 
excess iron (5 mg Fe per liter) were futile and gave the same restilts 
as those tabulated. The additional adsorptive capacity of the filter 
pulp and of the precipitate of iron salt seemed unnecessary. Another 
experiment with a solution which on mixing had a pH vidue of 7.19, 
and was filtered to remove the very slight precipitate formed, gave 
growth ratios of 16.91, 4.64, 1.09, and 1.20 for iron, zincy^iopper, and 
manganese, respectively. These ratios, while equal to or superior 
to those obtained with the untreated solution, are inferior to those 
obtained with the treated solution, an indication that the adsorptive 
capacities of the precipitates formed during purification play a 
necessary part in the process. 

Also of interest are the results obtained on the sporulation of the 
fungus and the accompanying variations in acidity of the nutrient 
solution resulting from the growth of the organism. This information 
has been tabulated in table 2. It will be noted that sporulation is 
inhibited if any of the four heavy metals under discussion are omitted 
from the nutnent solution. In the absence of copper, moreover, the 
deposition of pigment in the spore walls is intenered with and the 
spores are brown, yellow, or white, apparently according to the extent 
of the deficiency of this metal in the nutrient solution. 
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Table 2. — Sporulation of Aspergillus niger and pH of nutrient solution at harvest 
with calcium carbonate employed as purificani 


Culture no. 

Sporulation > in absence of Indicated heavy 
metals 

pH at harvest in absence of indicated heavy 
metals 

All 

Fe 

Zn 

Cu 

Mn 

None 

All 

Fe 

Zn 

Cu 

Mn 

None 


l,bl 

2,bl 

l,bl 

2,br 

3,bl 

4.bl 

8.75 

3.44 

3.46 

1.57 

1.66 

1.56 

2 

2,bl 

8,bl 

4,bl 

2.bl 

4,br 

0 

5,bl 

2.75 

1.91 

1.91 

2.21 

1.77 

1.91 

3 

l,bl 

l.bl 

2.y 

3,br 

6,bl 

3.01 

3.02 

2.90 

2.24 

1.63 

2.64 

4 

l,bl 

2.bl 

3,bl 

4.br 

4,bl 

5,bl 

3.20 

2.98 

2.87 

1.89 

1.85 

2.10 

5 

l.bl 

2,bl 

2,bl 

3, br 

4,bl 

5,bl 

3.22 

3.02 

2.85 

1.94 

1.91 

2 11 

6 

l,bl 

3,bl 

3,bl 

4,br 

fi,bl 

5,bl 

4, bl 

5, bl 

2.97 

2.77 

2.77 

1.78 

1.79 

1.93 

7 

8 

2,bl 

2,bl 

2,bl 

2.bl 

3,bl 

3.bl 

3,br 

3.br 

3,bl 

6.bl 

3 20 

3.01 

2.85 

1.83 

1.85 

1.93 

9 

2,bl 

2,bl 

3,bl 

3,br 

5,bl 

5,bl 

3.20 

2.89 

2.88 

1.96 

1.85 

2. 01 

10 

l.J 

1.1 

l.j 

2.y 

0 

5,j 

2.95 

2.89 

2.98 

1.78 

1.63 

1.72 

11 

Hi 

2,1 

2,y 

0 

3,bl 

3.01 

2.91 

2.93 

1.79 

1.52 

1.65 

12 

l.bl 

2.bl 

2,y 

2,bl 

4,bl 

3.19 

2.99 

2.89 

2.08 

1.58 

1.91 

13 

l.bl 

1»J 

2,bl 

l.j 

5,bl 

3.y 

0 

6,bl 

3 35 

3.02 

2.65 

2.54 

1.50 

2.44 

14 - --- 


2, w 

0 

4,bl 

3.07 

2.73 

2.76 

2.10 

1.50 

2.01 

15 

l,bl 

l.bl 

3,bl 

3, br 
3.y 

2,bl 

3,bl 

3.29 

3.07 

2.80 

1.50 

1.46 

1. 37 

lA 

1 hi 

1, bl 

2.bl 

2,bl 

3,bl 

3.bl 

4.bl 

3 21 

3.01 

3.06 

1.94 

1.64 


17 

1, bl 

2,bl 

3.br 

ibl 

2.97 

3.01 

3. 01 

2.28 

1.74 

2.28 

IH - 

l,bl 

l,bl 

l,bl 

IL 

2,bl 

. 4,br 

3. 15 

3.06 

3 08 

1.94 

1.60 

1.84 

19 

l.bl 

l,bl 

l,bl 

2,br 

4,bl 

3. 14 

2.98 

3 05 

1. 97 

1. 67 

1.57 

20 . , . 

l,bl 

l,bl 

l,bl 

2,br 

l,bl 

5,bl 

3.04 

2 91 

2 91 

2.04 

1.67 

1.57 


1 Amount of sporulation Is indicated as 0 (sterile) to 5 (entirely covered with spores) and spore color by 
the initial letter or first 2 letters of the words jet, black, brown, tan, yellow, and white. 


The presence in the nutrient solution of both iron and zinc seems 
to be necessary for the acid metabolism of the organism, whereas 
the addition of manganese and perhaps copper seems unnecessary . 
Manganese particularly does not seem to be required for acid forma- 
tion and it is surmised that it bears some relation to the processes 
whereby the organic acids arc decomposed. Since both copper and 
manganese are still present in the cultures in amounts sumcient for 
50 to 75 percent of maximum growth, definite conclusions as yet 
(;annot be drawn. 


NUTRIENT-SOLUTION PURIFICATION WITH BASIC MAGNESIUM 

CARBONATE 

The data of table 3 show the results obtained by the substitution 
of basic magnesium carbonate for caldum caijonate .“.fee^ tbe 
nutrient solution from heavy metals. The results are 
obtained with calcium carbonate. However, the 
sium carbonate possesses certain advantages over that ot caici^ 
carbonate. It avoids the introduction of a 
treatment may be continued for 20 minutes m the 
instead of in the autoclave at p.6», sin®®/^® 
carbonate reacts quickly. Furthermore,, the of 

purified seems to be nearly free from ammonium 

this element when tested with j-eree indicated 

oxalate. Moreover, the absence of vield. The 

in these tests does not cause a decrease m !J?® concmtration of 
disadvantage of the method is that it is .®^*J®® q. 1 ™ complete 
purificant mployed, an excess resulting m the more or less complete 

removal of phosphate. 
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Table 3, — Effect of variations in purification method with basic magnesium carbonate 
upon growth of Aspergillus niger in a nutrient solution containing 5 percent 
sucrose ^ 



Content in nutrient 
solution 





Growth ratio with - 







n 


Yield 






Maxi- 

mum 

indi- 

vidual 

Culture no. 



o 

e 

o 

etc 

o 

Initial 

pH 

with- 

out 

heavy 







6 

Z 

d 

Pui 

d 


met- 

als 

Fe 

Zn 

Cu 

Mn 

All 

yield 


w 

s 

Ui 

M 











Grams 

Grams 

Grams 











per 

titer 

per 

liter 

per 

liter 

Percent 


Mg 






Mg 

1 

2.5 

1.0 

0.3 

0.04 

7.15 

13.6 

51. 91 

5.26 

1.42 

1. 44 

08.00 

925.5 

2 - 

2.6 

1.0 

.3 

.00 

7.3» 

10.5 

54. 17 

6.10 

1.58 

1.50 

99. 57 

1,057.7 

3 

2.5 

1.0 

.3 

.07 

7 62 

22.7 

28.2 

11.1 

31.43 

28.00 

5.86 

1.53 

1.89 

41. 63 

984. 2 

4 

2.5 

1.0 

.3 

08 

7.62 

53. 10 

1.66 

.82 

1.82 

36.39 

905.8 
525. 2 

5 * 

2.5 

1.0 

.3 

.07 

8. 15 

11.55 

20.20 

1.03 

31. 12 

6 

2.5 

1.0 

1.0 

.10 

7.00 

7.7 

52. 46 

7. .32 

1.61 

1. 14 

10.35 

196.4 

7- . 

6.0 

1.0 

1.0 

10 

7.20 

12.0 

45. 2() 

15. 19 

1.9fi 

1.48 

36.28 

479. 3 

8 

2.5 

2.0 

1.0 

.10 

6.94 

12.5 

33.26 

4. 97 

1.49 

1.46 

76 37 

99J.6 



* Duration of treatment was 24 hours in all eases * Added 0.5 ec (Nil OsS i)er liter 


The data on sporulatioii and aridity at harvest, obtained in the 
experiments tabulated in table 3, have been summarized in table 4. 
The results are essentially the same as those given with the calcium 
carbonate method. The effects of omission of heavy metals on 
sporulation seem to be intensified, however, while the variations in 
acidity remain about the same. 


Table 4. — Sporulation of Aspergillus niger and pH of nutrient solution at harvest 
with basic magnesium carbonate employed as purificant 


Sporulation in absence of indicated heavy 
metals i 


Culture no. 



All 

Fe 

Zn 

Cu 

Mn 

None 

1.. - 

l,bl 

2,bl 

4,bl 

3,,v 

l,bl 

4, bl 

2 

l,bl 

2,bl 

4,b] 

•3,y 

l,bl 

4. bl 

3 

l,bl 

l,bl 

2,bl 

2.y 

2,bl 

4. bl 

4 

J,bl 

l.bl 

4, b] 

2,br 

l.bl 

3, bl 

5 . 

l,bl 

1, bl 

l,bl 

J,bl 

0 

2.bl 

6 

0 

0 

2,bl 

2,y 

2.bl 

3.bl 

7 

0 

1. bl 

2,bl 

l,br 

l,bl 

3, bl 

8 

0 

2,1)1 

5, bl 

2, hr 

l,bl 

5.bl 


pH at harvest in absence of imiicated heavy 
metals 


— 

— 



— 

— — 

All 

Fe 

Zn 

Cu 

Mn 

None 

2.90 

2 93 

2.37 

1.95 

1,71 

1.73 

3. 27 

3. 03 

2.42 

2.22 

1.68 

2.22 

3.28 

3 00 

3.04 

1 83 

1.63 

1.78 

3.14 

:i05 

2.44 

1.81 

1.64 

1.81 

2.29 

3 08 

3 16 

1.85 

1.74 

J.8J 

3 80 

6.88 

3. 35 

2.50 

2.23 

2. 26 

3. 84 

3 24 

2.93 

1.99 

2.26 

1.95 

3.08 

3.05 

2,49 

2.02 

1.69 

2 02 


> See footnote 1, table 2. 

NUTRIENT-SOLUTION PURIFICATION WITH ADSORBENT 

CHARCOAL 

The experimental work with charcoal as purificant given in table 5 
was planned primarily to ascertain whether the use of adsorbent 
charcoal in conjunction with a purificant of definite chemical com- 
position would lead to any improvement. Basic magnesium car- 
bonate was selected instead of calcium carbonate because the lower 
initial acidities brought about through its use are nearer the acidity 
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(pH 8) recommended for utilization of charcoal. Other compounds 
of the alkaline earth metals, such as the oxides, hydroxides or tri- 
basic phosphates, probably would operate similarly. One' experi- 
ment with cahuum carbonate also has been included for comparison 
The charcoals compared are (A) Carbex E (carboraffin), (B) cane- 
sugar charcoal, (C) decolorizing charcoal, and (D) medicinal charcoal 
purified by acid. None of these charcoals was free from ash con- 
stituents; even the cane-sugar charcoal contained 2.07 percent of ash. 

The results obtained by supplementing the action of basic mag- 
nesium carbonate with adsorbent charcoal do not differ in any 
important degree from those previously discussed. All indications 
point to the conclusion that the use of charcoal is advisable only if 
it is necessaiy to avoid the use of an alkaline earth carbonate, hydrox- 
ide, or oxide. The lack of uniformity in results with different char- 
coals is most apparent in the acidities at harvest. These variations 
of course are not unexpected, inasmuch as organic compounds and 
2 to 5 percent of ash constituents are usually present in an adsorbent 
charcoal. Miller (6*) asserts that ash-free cliarcoal is not an eflVctive 
adsorbent for cations no matter what its source, and claims that 
adsorption of cations is largely a property of the contaTuinants 
present in the carbon. 

EFFECT OF SPORE EXTRACTION UPON SUBSEQUENT GROWTH OF 

ASPERGILLUS NIGER 

The inability to obtain growth ratios higher than 2 (50 percent of 
maximum yield) with copper and manganese in these investigations 
must be due to a technic inadequate to remove these metals entirely 
from the nutrient solution, to their introduction as contaminants 
with the heavy metals intentionally added, to the presence of these 
materials in the spores, or to a combination of these catises. The 
only alternativ^e is the assumption that an element may be essential 
for a physiological function and yet not be of the first importance to 
growth. This alternative would seem improbable, however, inasmuch 
as other data on hand show that the absence of any of the elements 
essential to Aspergillus niger results in the almost complete suppres- 
sion of growth, lienee it seemed advisable to attempt to determine 
experimentally the extent to which the growth of the fungus is 
influenced by the presence of copper and manganese in the spores. 
Parallel studies also were made on the effect of iron and zinc on growth. 

Extraction of the spores with dilute alkali was adopted initially, 
since the black pigment (aspergillin) in the spores is known to contain 
iron and to be soluble in dilute alkalies. The possibility that the 
storage of copper and manganese in the spores is associated with that 
of iron rendered this procedure attractive for a first trial. Tests 
demonstrated that the pigment could be extracted from the spores 
with potassium bicarbonate (0.5 to 30.0 g per liter) without in- 
jury to the spores. Experiments in which ammonium hydroxide was 
employed also were performed. The results are tabulated in table 6. 
The increased growth ratios with iron, copper, and manganese 
indicate the presence of these materials in the spores and the feasibility 
of at least their partial removal. The negative results with zinc are 
to be attributed to its presence in the potassium bicarbonate and 
ammoniu.m hydroxide employed, since the use of redistilled ammonia 
led to a liigher growth ratio with zinc. 
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DISCUSSION 

To judge from the description by Britton {2) of the factory methods 
for the purification of cane sugar and the acidity at which the heavy 
metals are precipitated as phosphates, it would seem that the method 
of nutrient purification with calcium carbonate is quite similar to the 
factory procedure for the purification of sucrose. The heavy-metal 
impunties would appear to be precipitated largely as phosphates, 
though some may also separate out as hydroxide, carbonate, or basic 
carbonate, depending on the acidity of precipitation. On the 
assumption that a precipitate of the most insoluble compound is 
always formed, it is probable that under these conditions practically 
all the heavy metals will undergo precipitation in one form or another. 
Thus, when basic magnesium carbonate is used as the purificant even 
barium, strontium, and calcium probably will be removed if the 
proper quantity of purificant (and therefore the appropriate acidity) 
IS utilized, since the salts of the latter elements are precipitated at a 
higher acidity than is magnesium. In principle the method seems 
dependent upon increasing the alkalinity of the solution in the 
presence of an alkaline earth sufficiently to cause the precipitation of 
the alkaline earth simultaneously with that of the heavy metal it is 
desired to remove. The precipitate of the alkaline earth compound 
thus serves as a “gatherer” or adsorbent. The chemistry of the 
process therefore is elementary. As suggested by Hopkins {5), 
perhaps also other cations, such as some of the heavy metals, may be 
found to answer the same purpose. It is immaterial whether the 
alkaline earth be added before or after the decrease in acidity, and the 
means whereby the decrease in acidity is brought about also is of no 
consequence. Neither is it important whether the purificant is 
added as an integral part of the nutrient solution. 

The speed of reaction with calcium carbonate seems to be slower, 
and it is stated by HUlebrand and Lundell H) that the limit of alkalin- 
ity corresponds to pH 7.4, whereas the basic magnesium carbonate 
reacts rapidly and can produce pH 9.5 if sufficient be added. With 
the fomer material the reaction never goes to completion under the 
conditions employed, while with the basic magnesium carbonate the 
reaction is always complete. 

Since the precipitates formed during purification are never abso- 
lutely insoluble it cannot bo claimed that the process completely 
removes the heavy metals. The efficiency of removal differs with 
the element and appears to be greater with iron and zinc than with 
copper or manganese. A puzzhng feature in this connection is that 
whereas formerly the purified solution was always light yellow as the 
result of caramclization (5) the solutions in the present series of 
experiments were always colorless. 

The results obtained through extraction of the spores of Aspergillus 
ni^er are distinctly encouraging and would .seem to indicate the 
utility of tffis procedure as an experimental tool to accentuate heavy- 
metal deficiencies with the fungi. This procedure may prove feasible 
also with seed of green plants and appropriately selected compounds. 
The quantities of heavy metal stored in the spore or seed in some 
cases may be found sufficient in quantity to provide completely for 
the growth of the organism. This does not seem to be the case with 
A. niger, however. 
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Data obtained in an nnsuccessM attempt to remove all halogens 
from the nutrient solution are illustrative of the magnitudes dealt 
with in these experiments and of the sensitivity of response of thi' 
organism. The addition of silver nitrate (5 mg Ag per liter) to the 
nutrient solution, followed by treatment with calcium carbonate 
to remove excess silver, gave upon filtration a solution presumably 
free of halogens. The presence of silver in the solution was revealed, 
however, through absence of growth upon inoctilation. Neverthe- 
less, a series of simultaneous cultures to which slight excesses of 
sodium chloride, sodium bromide, and sodium iodide had been added 
gave characteristic precipitates and yields of 0, 121.3, and 748.2 
mg per culture, respectively. The solubilities of silver chloride, 
silver bromide, and silver iodide in water are 1.5, 0.11, and 0.003 mg 
per liter, respectively. On the assumption of equal solubility of 
silver iomde in water and in 5-percent sucrose, the results would indi- 
cate that 1.5 parts per billion of silver ion are sufficient to cause a 
loss of about 25 percent in yield. Actual determinations later gave 
decreases in yield of 9.9 and 6.4 percent with 1 part per billion of 
silver ion, though in unpurified solutions. 

Without attempting to minimize the value of the method of nutrient- 
solution purification for biological study, nevertheless it must be 
admitted to be a makesluft and of value mainly because of the pres- 
ence of excessive quantities of impurities in the commercial chemicals 
available for ivork of this character. Its disadvantage consists in 
the inability to predict the exact composition of a nutrient solution 
after treatment and consequently the limitations in its employment 
for critical study of nutrient proportions. It is estimated that a 
twentyfold improvement in the purity of commercial chemicals 
would permit one to dispense with the method of nutrient-solution 
purification in nutrition studies witli plants. To be entirely satis- 
factory an increase of at least fiftyfold would bo required in the purity 
of the compounds employed. 

Pending the development of methods for producing chemicals 
that might be referred to as biologically pure and of adequate chemi- 
cal or spectroscopic tests for ascertaiiung their purity, the calcium 
carbonate method of nutrient purification seems to be the best pro- 
cedure available for the removal of the last traces of heavy metals. 
This method, or variants of it, has already been applied successfully 
to determine the heavy-metal requirements of various fungi, of algae, 
and of Lemna. Since the salts may be subjected to purification success- 
fully in the absence of sucrose (table 1, culture no. 11) there is no 
reason to think that the method cannot be applied to the study of 
the heavy-metal requirements of the higher plants. Moreover, the 
agreement in results obtained with selected commercial chemuals 
and with the various modifications of the p\irification method here 
discussed makes it evident that these results on the requirements of 
AspergiMus niger for iron, zinc, copper, and manganese cannot be 
accidental and should serve definitely to establish these needs. 
These heavy metals have been claimed to be essential also_ to green 
l>lants and to animals. Results with the method of nutrient-Mlu- 
tion purification obtained with quartz apparatus were essentially 
similar to those obtained with pyrex glassware. 
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SUMMARY 

Purification of the nutrient solution for the removal of heavy 
metals may be accomplished by treating the nutrient solution with 
calcium carbonate and filtering while hot. The method is not critical 
and gives good results with iron, zinc, copper, and manganese under a 
wide variety of conditions and procedures. The removal of heavy 
metals appears to be dependent on their coprecipitation with an 
alkaUne earth as phosphate, carbonate, or hydroxide by a decrease 
in acidity. The use of adsorbent charcoal to supplement the action 
of an alkaline-earth purificant is unnecessary and causes a decrease 
in experimental precision. Extraction of the spores of Aspergillus 
niger with alkaline solutions effects partial removal of iron, copper, 
and manganese stored in the spores in preparation for subsequent 
growth, and so leads to an accentuation of deficiency effects with 
these metals. 
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A SIMPLE, ACCURATE METHOD OF COMPUTING BASAL 
AREA OF FOREST STANDS^ 

By C. Allen Bickford 

Junior forester^ Southern Forest Experiment Station, Forest Service, United States 

Department of Agriculture 

INTRODUCTION 

Basal area is a measure of a timber stand by the use of wliich the 
errors peculiar to measurement by volume are avoided, and by whicli 
a more accurate picture of the timber is provided than by diameter 
measurement alone. For these reasons it is widely used. The 
statistics of basal area which are commonly sought for various 
purposes are; The sum; the mean; the diameter of mean basal area; 
the standard deviation ; the product moment, or sum of cross products ; 
the growth of a tree; the ^owth of a stand or plot; the mean growth; 
and the standard deviation of growth. The common methods of 
obtaining these statistics are either exceedingly laborious or introduce 
systematic errors. The purpose of this paper is to present a method 
which is both precise and easy to apply. 


REVIEW OF METHODS 


The usual way of determining basal area of a timber stand is to 
list the basal area of every measured tree, using a basal-area table,* 
and compute the desired statistics from tliis list. Wliere there are 
many trees, this method is slow and laborious, but accurate in princi- 
ple. In practice it lacks a systematic check, and errors creep in 
wluch may go unnoticed or may at best be troiiblesome to correct. 
With this method, the computation of any statistics besides the mean 
and sum of basal area and diameter of average basal area is not usually 
worth the effort. 

Another common procedure in computing statistics of basal area is 
to group the measured diameters into classes and select a value for 
each class in using tlie basal-area table. This is obviously much less 
tedious than the other method and is also less liable to troublesome 
numerical mistakes. However, it introduces a systematic error due to 
grouping, the magnitude and direction of which depends on the 
diameter distribution and the class value chosen. Another class of 
error is introduced when the usual interpolation in the table is made by 
proportional parts; this error is always negative in sign. 


THE FORMULA METHOD 

The proposed method is derived from the analytical definition of 
basal area — 




( 4 ) ( 144 ) 


( 1 ) 


‘ Reoelred for publication May 3, 1936; issued December, 1935. ^ ^ ^ 

* For slmplioity, diameters are assumed to be perfect circles and without errors as measured. 
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where h is basal area in square feet and d is diameter in inehes. 


If --=0.005454.... 

this may be expressed; b==kd^ (2) 

Using this definition and the formulae which follow, computation of 
any of the above statistics of basal area is both easy and precise. 
This may be called the ^^formula method”, to contrast with the 
usual table method. 


APPLICATION TO UNGROUPED DATA 


Computations of basal area by the formula method may be made 
with or without grouping. Ungrouped data generally mean a small 
sample, and with few trees and only simple statistics desired, the 
^[uickest procedure is to use the basal-area table. As the job increases 
in complexity the formula method becomes increasingly advantageous. 

It readily follows from equation (2) that total basal area — 


and that mean basal area - 


zh^ki:d:\ 




(3) 

(4) 


where Xb is the sum and mean of basal area, and 2)r/2 is the 
sum of the squared diameters. The diameter of average basal area is 

in 

N 


from (2) and (4) above, rf'-= 


V Xb 

T 

V kXcP I 

-f“V 


fklcU^ 
k 

Standard deviation of basal area* 

Nj 


N 






N 


/si* ' /siv 
'V N \n) ~ 


(5) 


(26)*.-=^ ^ (Xdr 

In small samples the standard deviation must be multiplied by 

/ 

yN-1 


( 6 ) 


3 All approximate standard deviation of basai area may be obtained when the diameter distribution is 
nearly normal, which avoids Sd<, as follows: From the moments of the normal curve* » it may 

be shown that Sd»=N(<r3+A/3) and 2d***JV(3o-<+6M3<r*+Af<); substituting these values in equation (0) 

k V2^*-f4Af2(r3= k V^“3(<r2-j-2Af») « 

•ViV®r-(SF m 

This approximation is useful because it uses values that are easily obtained, and even though in error it 
may serve to show that it is unnecessary to compute the true standard deviation. 
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A simple way to obt^ the sums of the higher powers of d required 
in the above formulae is to list diameters by size in descending order 
and tab^ate diameter, number, the product of these two, and three 
cumulative sums as follows: 


d n 

nd 

c\ 

( 1-1 

a 

7/1 Ti ffi 

mn„ 

mn^ 

rnum 

mn„ 

rn—l nn-i 


mn„ 

+ (771— l)7l„_, 

2m7im 

+ (m— l)7u_, 

377l7l„+ 

m—2 «.„_2 

(m— 2)ra„_2 

inn„ 

+ (771— 1)7?,„_, 
+ (771 — 2)71„_2 

Zmiim 

+ 2(771-1)71„ , 
+ (771 — 2)71„_2 

677171„ + 

3 11/3 

3713 




2 712 

*2i7l2 




1 H, 

fh 


Si 

s. 

Total N 

So 

Si 

s-> 

S 3 


Then and 

These cumulative sums re<[uire that d be continuous from m to 1 
inclusive, rit may be zero, but its row will have entries in Ci, Ct, and 
C-i- Note that this procediu’e provides a check, in that the last entry 
under the cumulative suras is the sum of the preceding colunan. 

The product moment, or sum of cross products, is a statistic used 
in correlation analysis and regression equations. Where x is an 
associated variable — 

X6x— (8) 

may be readily obtained either by direct multiplying or more 
simply by the method of cumulative sums shown above. The sort 
is still on d, but, instead of showing nd, show Sx for each d value; 

then Sx=/So and Sd*x= 25 f 2 —'Si- 

The growth of a single tree in basal area is rarely needed, but its 
derivation aids in understaiiding what follows. Let Arf be growth 
in diameter and A6 be growth in basal area, then d and h are initial 
diameter and basal area, am! '/+ A(* and 6 + A6 are diameter and basal 
area at any subsequent period. 

Now— 6=^' 

6+Ai-«:(rf+ + A<f*) 

and by subtraction — 


A6=fc(2dA<i+Arf*) 


(9) 
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From which it readily follows that total basal-area growth, 

SA6=*(2SdAd+SA<P) (10) 

and mean growth in basal area 

~=^(22:dAd-fSAdO (11) 

There appears, unfortimately, to be no simple, direct means of 
obtaining from d and Ad, but it may be computed in the usual 
way— " 



or with the usual correction factor for small samples. Thh formula 
requires the squaring, summing, and averaging of each individual 
Ab to obtain the first term, while the second may be secured from 
formula (11) above. 


APPLICATION TO GROUPED DATA 


With grouped data the practice usually recommended is to use the 
mid point of each class as the class value.^ Sheppard * has shown that 
the average effect of grouping, using the mid point as the class value, 
is to introduce a positive bias of one-twelfth the square of the class 
interval in the average square when the class interval is constant, 
the distribution is continuous, and the class frequencies decrease 
veiy slowly in the tails (i. e., the frequency curve makes contact of 
high order with the abscissa). Since total or average basal area is a 
function of the sum of squares of diameter, it follows that with 


nkk^ W 

grouped data a correction of or when h is the class interval. 


should be made. In the mean, where 1-inch classes are used, this 
amounts to only 0.0004545 . . . and it is of course correspondingly 
small in the total. It is evident that for all common purposes this 
correction is too small to be of any practical value. However, it 
should be noted that Sheppard’s correction is meant to apply to the 
averse result of grouping. In practice it is never worth while to 
obtain this average; but for certain distributions the results of a par- 
ticular grouping may be as much as 10 percent different from values 
obtained without grouping. In general, grouped data will rarely 
produce the same result as would be obtained without grouping, but 
the discrepancies will be small and the grouping alone causes only a 
slight bias, if any. There is some loss in precision, but the statistics 
are much easier to compute. 

But basal area as customarily obtained W grouping suffers a 
greater loss of precision than is necessary. The usual grouping of 


at might be supposed that the arithmetic class mean would provide a satisfactory class value, but it may 
be raadily shown tnat this is too small by k times the sum of squares within classes. 

< Shspfabd, W. F. on thb calculation or the most probable values or frequency-constants 

ARRANGED ACCORDING TO EQUIDISTANT DIVISIONS OF A SCALE. London Math. SOC. PrOC. (1897- 
98)29:353-380. 1898. 

--- — ON THE CALCULATION OF THE AVERAGE SQUARE, CUBE, BTC., OF A LARGE NUMBER OF MAGNI- 
TUDES. Jour. Roy. Statls. Soo. 60:698-703. 1897. 
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diameters puts the mid point of 1-inch classes at 0.05 greater than 
the even inch, and few basal-area tables show classes with diameter 
intervals of less than one-tenth of an inch. It thus becomes necessary 
to interpolate, and this is usually effected by using proportional 
parts. The error so introduced is small for individual trees, but it is 
always negative and may become appreciable in a sum. 

Errors are also made bv using the even inch as the mid point of the 
class, though it is usually 0.05 inch too small. This error may be 
readuy corrected as shown below, but the correction is rarely made. 
Let A be the mid point of a class and a any deviation from A: 

kXA^ is obtained by using the true mid point. 
k'S,{A+ay is obtained by using any other point. 

Ignoring k for the moment — 

S (.4 -1- a) ’ — XA^ + 2aXA -f Na^ 

whence 

XA^=X(A~\-ay—2aXA—Na^=XiA+ay—2aXiA+a)+Na\ 

From this it is evident that no injury is done by using any arbitraiy 
value desired for the class value in obtaining the sum of squares if 
the proper corrections are made. As a matter of fact, for ease of 
computation where the true mid point is some relatively awkward 
number, such as 5.05, the method of the assumed inid pomt is much 
simpler. Furthermore, since XA^=X{A-\-a—ay, it is very simple 
to obtain any of the higher moments needed even though a false class 
value is usea: 

l'A=S(A-|-a)~Aro (13) 

XA^=X{A-{-ay-2aX{A+a)ANa? (14) 

2:A*=2(A+a)^— 3ff.2(A+a)*-|-3a*2:(A-fa)-iVa» (15) 

2A.^= 2(A-f-a)‘-4a2(A-t-o)’-t-6a*2(A-l-a)‘*-4a^2(A-l-a) (16) 
etc. 

The proposed formida method uses formulae (13) to (16), with 
grouped data, to obtain 24,'. 

24.’’= 2d" -f- Sheppard’s correction. 

The formulae of ungrouped data, (3) to (12) inclusive, then be 
used to obtain whatever statistics of basal area are needed. 

A NUMERICAL EXAMPLE 

The following example presents a summary of field data and the 
computations essential to the use of the precedi^ formulae. 

From the original measurements (which are here excluded lor tne 
sake of brevity) — 

iV=166 
2d=548.0 
2d*= 1966.64 
2d‘=31532.4704 

26=10.724 (from table of basal area) 
k 2d»=10.726. 
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Table 1 shows the data grouped in the conventional manner with 
computations for two estimated values for each class. 


Table 1. — Computation of the sum of basal area by usual methods 


l>iameter breasl high 
interval (inches) 

Trees 

(n) 

Mid- ! 
point 1 
U) 

Approxi- 

mate 

mid 

point 

U+a) 

Basal area by— 

True 

value 

A 

A-\‘a 

Individual 

trees 


Number 

Inchee 

Inches 

Sq.ft. 

Sq.ft. 

Sq.ft. 

ft. 

l.fr-2.5 

43 

2.06 

2 

1.2244 

0.989 

0.946 

1.216 

2.6-3.5 

06 

3.06 

3 

3. 4368 

3.:ioo 

3. 234 

3. 440 

3.0-4.5 - 

37 

4 05 

4 

3. 2952 

3 293 

3. 219 

3 700 

- 

17 

5.05 

5 

2 3568 

2.363 

2.312 

2. 356 

5.(he.6.- 

2 

6.05 

6 

7 4128 

7. .398 

7, 392 

7.412 

Total - . 

165 



10. 726 

10. 343 

10. 103 

10. 724 


Table 2 shows the data grouped and computed by tlie fonnula 
method. 


Table 2. — Illustration of the formula method in obtaining the sum of basal areas 


Approximate 
mid point of 
diameter breast 
high (A+a) 1 

(inches) 

Trees 

(«) 

n (A“in) 

Cx 

O 

Approximate 
mid point of 
diameter breast 
high (A-|-«) 
(inches) 

Trees 

(») 

n (.1 + a) 

C’l 

Ci 


Number 





Number 




6 

2 

12 

12 

12 

2 

43 

86 j 

529 

1,326 

5. 

17 

85 

97 

109 

1 



529 

1, 855 

4. 

37 

148 

245 

354 


— 




3 

66 

198 

44.3 

797 

Total- --- 

165 

529 

1.855 




is approximately 'Z,{A+ay—2a X{A+a)+Nd'^ or 1855— 
2(-0.05)(529) + (165)(-0.05)"==1908.3125. Xb-=k2:d^ or approxi- 

mately 1908.3125 /c== 10.408. Note that Xb without correction (14) 
is 1855* or 10.117. 

Of the six values for the sum of basal area, the one most likely to 
be right is 10.726 obtained from kXcP. That obtained by summing 
the tabular values for individual trees checks as closely as can be 
expected. 

The result of using the true mid points is contrary to what would 
be expected for this method on the average, but it should be remem- 
bered that this is a particular sample and the generalization applies 
to the averages of all possible groupings. This does not imply or 
even suggest that there is anything wrong with the sample, as certain 
other unexpected results might. In tliis particular example the 10 
possible groupings of diameter were computed and total nasal area 
varied from 9.520 to 12.255 and averaged 11.039. Sheppard's cor- 
rection of —0.075 helped, but at 10.964 is still 2 percent too large. 

Tlie employment of the even inch as the class mid point yields, as 
was expected, a result that is too small. When the correction 53.3125 
is added to 1,855 it precisely checks 1,908.3215, as it should. 

The discrepancies in total basal area as obtained from the table 
and from summing the squares and correcting by the factor k are due 
to the lack of precision of the table, as is shown by the following 
comparison (table 3). 
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Table 3. — Comparison of errors introduced hy using too few decimal places 


A 

(inches) 

Table 

kd^ 

A {-c 
(inc»es) 

! 

Table 

kdi 

•2.05 - 

3.05 - 

4.06 - . 

5 05. 

«.05 . 

0.023 

.050 

.OHO 

.139 

.199 

Sq.fL 
OAYlm 
.05074 
. 08946 
.13909 
.19963 

2 

Sg.ff. 

0. 022 
.049 
087 
.136 
.196 

Sq. ft 

0 02182 
.04909 
. 08726 
. 13635 
. 19634 

3 

4 _ , . . 

5.... 

6 


These differences, although small for a particular entry, become 
increasingly important as the n of the class increases and even with- 
out a tendency to be conservative introduce a bias toward too small a 
value when using the basal-area table with any sort of class values. 
Note that 4 of the 5 entries in each group have a larger value for ktP 
than for the table value. (Interpolation for the values of was 
made assuming a straight line, which is the coininon practice, although 
it is admittedly erroneous.) It thus becomes apparent that to 
obtain precision in the sum of basal area by means of grouped data 
equal to that obtained from ungroiipcd data using a table which 
shows diameter to 1 decimal place aneJ basal area to 3 decimal places, 
it is essential to have a table showing diameter to 2 and basal area to 
T) decimal places, as well as to correct for the errors of grouping, or 
to use other means than a table. 

The other statistics of basal area as computed by the formulae are 
presented in table 4: 


7 'ahle 4 (\ini pari soil of other statistics of basal men as ascertained hy varzints 

methods 


xMircf 


Table and A 

Table and .4 fa 

Individual d -- - 

Table and individual d.. _ . . 

Sum of - - - - 

Sum of (/l+a)*. .. . - - 


\ \ erngf* 
basal area 

Diameter 
breu'^l high 
of a\ erage 
basal 
area i 

Vn 

Standard 

deNiatioTi 

Ob 

ApproM* 
male stand- 
ard devia- 
tion Ob 

— 

__ — 

— 

— 

- 

Sg ft. 

0. 0627 
.0612 
. 0650 
.06.')0 
.0031 
.0613 

Inches 

3.4 

3 3 

3 45 i 
3.45 

3 4 
3.3 

Inches 

S(j ft. 

Sq. ft. 





3.45 

0.03819 j 

0. (X3483 

3.40 


.03665 

3. 3.5 


. 03512 


The jjoints of interest here are already discussed lor sums and will 
differ only in their values, not in their relation to one another. The 
(t\ obtained from any of the four methods shows essential agreement 
with (Tfty but there is a discrepancy in the wTong direction which is 
too large when there is any doubt of the result of the test for which 
it is used. „ . 

The formulae of cross products and growth, tliough equally im- 
portant, are not illustrated because to do so would require another 
example and the arithmetic involves no new principles. 


a2oo.^~rt5 4 
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SUMMARY 

Statistics of basal area may be readily obtained by the “formula 
method” without using a table of basal area. No one method will, 
however, meet all situations; the best way for each particular case 
depends on the precision required, the size of the sample, and the 
mechanical aids available. For very small samples, when only simple 
statistics such as the sum and mean are wanted, the basal-area table 
is the easiest way of obtaining them. For more complex statistics 
from relatively small samples, the most efficient procedure is to use 
formulae (3), (4), (5), (6), (8), (10), and (12), as needed, without 
grouping. For large samples, the easiest way is to group, using inter- 
vals of even inches, and make the corrections indicated by formulae 
(13) to (16), remembering that precision is always lost by grouping. 

The formulae presented are reassembled here for ready reference: 


Total basal area: 

k2<P 

Average basal area: 

(3) 

--2d* 

(4) 

Diameter of average basal area: 


V N 

(5) 

Standard deviation of basal area: 


^^iV2d‘-(2d*)* 

(6) 

or 


TV— 1 ("d*)* 


Approxitnate standard deviation of basal area: 



(7) 

or 




Product moment: 



(8) 

Basal area growth: 


Ab—ki2dM+ 

(9) 

Total basal-area growth: 


2A6=ifc(22dAd-f2Ad*) 

(10) 
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Standard deviation of basal area growth; 



/2A6* /2A6V 

i N \n) 

(12) 

or 

I N IXAb^ /2A6Y 

N \jr) 


Corrections for using a 
Sum of first power: 

false mid point; 


Sum of second power: 

Na 

(13) 


2a2{A-\-a)—Nd^ 

(14) 

Sum of third j)ower: 



3a2 (yl + a )* — (^4 + o) + Na!^ 

(15) 

Sum of fourth power: 



4a2(yl-f-a)^ 

-6o22(yH-o)2+4a^2(A+ft)-iVo' 

(16) 



THE EFFECT OF ONE AND OF TWO SEEDLING LETHALS 
IN THE HETEROZYGOUS CONDITION ON BARLEY 
DEVELOPMENT* 

liy T>. w. ItoKKRTHONT, tisfiormif agrouowial.iiml W. W. Auktin, afisistnnt mjrono^ 
misl, (^olorario Agricultural Hrpvinrnf Stntinrt 


INTRODUCTION 

The effect of recessive characters in the heterozygous condition may 
Jiave some economic importance in yield of cereal crops. The studies 
reported in this paper were made to determine the effect of 1 or of 2 
lethal factors in the heterozygous condition on the growth of barley 
plants. 

LITERATURE REVIEW 


A summary of tlie recent literature on the effect of lethal characters 
on the growth of various crops is given in a previous publication by 
Robertson.* 

A previous paper reported that the factor pair for white versus 
green seedlings in (\)lsess J, the factor pair for yellow versus 
green seedlings in Black Hull-less, and the factor [)air Ahdh for green 
versus white seedlings in Hanna, when in tlie heterozygous condition, 
Jiad ?u) effect on the following mature-plant characters: Number of 
culms, avcj’age length of culm, average length of head, number of 
grains ])er ])lant, and total grain yield per plant. With the factor 
pair Atdt for wliite versus green seedlings in (^anada Thorpe was 
associated an endosperm effect. In mature seeds borne on plants 
carrying the double-recessive factor pair a/u, this endosperm effect 
was evident and reduced the yield. However theotherplnntcharacters 
were not affected. 

MATERIAL AND METHODS 


(\)lsess r* produced a white seedling in a monohybrid ratio. This 
seedling developed for about K) days and then died. 

C^olsess II * produced a white setnlling in a monohybrid ratio. This 
seedling beliaved similarly to Colsess I, but difl'ered from (^olsess I 
gcuietically. 

(^olsess IV** produced a yellow seedling in a monohybrid j*atio. 
This seedling grew under field conditions (low temperature) for about 
10 days and then died. It has previously been reported as being 
linked with the factor pair AcOc found in (’’olsess 1 . Crosses were 
made between Colsess I and Colsess IV in order to study the effect of 
the lethals in the heterozygous condition on some mature-plant 
characters. These characters were number of culms per plant, 
average length of culm per plant, average length of head per 
number of grains per plant, and total weight of grain per plant. I he 
segregation of the F2 and F3 plants again showed linkage. 


^ Ueceived for publUjation Apr 18, issued December 1935. nw warify ufyeioi'- 

^ iiOBKHT.S()N. D. W THE EFFECT OF A LETHAL I.N THE HKTKKO^YOOl^ CONDITION ON BARLEY DEVBLOl 
WENT. Colo Agr. Evi't Sta. Tech. Bull. 1, 12 pp , Ulus. December m2 
3 Robertson, D. W. linkaok .studies in barley'. GoTiet»c.s I4.1-.iri 
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Crosses were also made between Colsess II and Colsess IV. The 
numbers found in the F, seedlings are shown in table 1. 

The data- indicate independent inheritance of the factor pairs Ae^ac^ 
and X^e- To further test the interrelationship of tlie factor pairs, 
the green F, plants were grown in Fs and seedling counts made. 
The genetic constitution of the green Fj plants as determined by the 
F, seedling behavior is given in table 2. 


Table 1. — Segregation of seedling color in the Ft of a cross between Colsess 11 
(Ae,aet) and Colsess IV (X^c) 


Item 

Green 

Yellow 

White 

Observed nuniber 

1,026 

336 

431 

(Calculated segregation ». 3 ; 4 — 

1,007.44 1 

336 81 

447. 76 


A'a=r 0.9347 



J\ very large 



Table 2. — Genetic constitution of the Ft green plants as determined by Ft seedling 

numbers 


Item 

Indicated genotypes 

..Ic3->1 ajA f a e 

Ae^ae, XrXc 

A rj/l rji A fX e 

A ejO t^X eX e 

Observed number 

Calculated segregation 1 : 2 . 2 : 4 

Number 

63 

64.78 

Number 

124 

129.65 

P=( 

Number 

140 

129. 66 

1 1672 
).7630 

Number 

256 

259.12 


The Fg data give a good fit to a calculated 1 : 2 : 2 : 4 ratio for 
independent inheritance of the factor pairs Ac^ac^ and 

The Fj seeds were sown in 18-foot rows 1 foot apart, and spaced 
about 3 inches apart in the rows. Because of the presence of lethal 
seedlings in the r 2 population, the plants were harvested in two lots, 
the competitive plants, those growing adjacent to other plants in the 
rows being Ixarvested separately. The remaining plants, the non- 
competitive plants, with blank spaces adjacent to them, were also 
harvested separately. The presence of blanks in adjacent rows was 
not considered. After the growtli data were obtained, 50 seeds from 
each Fj plant were sown in moist sand, and the F, genetic constitution 
of tlie plants determined from Fg seedling numbers. 

EXPERIMENTAL RESULTS 

A comparison was made of both the pure green (Ae^a) and the 
heterozygous green and white F, plants in both the competitive 

and the noncompetitive groups. The plants were harvested and the 
measurements made during the winter of 1934-35. Fifty seeds from 
each plant were grown in the greenhouse to determine the genetic 
constitution of the plants for the seedling factors. The plants were 
then grouped according to their genetic constitution, and the data 
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analyzed. The results obtained from the green plants of the genetic 
constitution .4e,.4,.g and from the green plants heterozygous for the 
genetic factor pair .AqOc, are given in table 3. 

In the competitive plants no significant differences were found 
between the green and heterozygous plants. In the noncompetitive 
plants the same trend was found. The only significant difference 
was in the average length of culm, which, however, was in favor of 
the heterozygous plants. Since the trend was the same in both com- 
petitive and noncompetitive plants, only competitive plants were 
used in the study of the other factor combinations. 

Table 3. — MeasuremenlK of plant characters in Cohess II plants grovm, at Fort 

Collins, Colo. 

stand' 
iird 

error of 
H dif- 
ference 


0. 1956 
. 65.59 
.0745 
8. 0920 
.2484 

.2579 
7446 
.0867 
0 8828 
.3474 


GREEN VERSUS YELLOW SEEDLINGS (.!>*) 

Crosses involving Colsess IV (AVc) were used in the study of green 
versus yellow seedfings. Table 4 gives the summarized data for the 
characters studied. The average length of head is the only one of the 
characters studied in the plants heterozygous for green versus yellow 
seedling color significantly different from the same characters in the 
homozygous green plants. 

GREEN VERSUS WHITE SEEDLINGS (Ara*) 

Heterozygous green plants (Ai^e) homozygous green plants 
(AcAe) were compared in crosses involving Colsess I. The data 
obtained from this study are also tabulated in table 4. None of the 
characters examined in the heterozygous plants differs statistically 
significantly from the same characters in the homozygous 
plants. Tnis indicates that the seedling factor pair which 

produced green and white seedlings in Colsess I, is not detrimental 
to the growth of green plants having the genetic sonstitution Atfl^c. 


D/H E. per- 
ofdif- cenl- 
ference age of 
mean 


Percent 
1 0118 / 2.6992 
i 2.5695 

6296 / • 

1 aiiw / ‘ 7763 

6142 / 2* 7772 

/ 2.9889 
\ 2 6220 


\ 2.8936 
2.0188 { 

3310 { 

6497 / 

\ 2.9950 

8007 / 3.2716 
\ 3.0273 


('luiraclers .stu<lied 


Segregation 


Stand- 
ard Dlffer- 

error of eiice 

mean 


Competitive plants' 

Culms per plant, num- 
ber. 

Average length of 
culm, centimeters. 

A verage length of head, 
centimeters. 

Total grains, number . 

Total weight of grain, 
grama. 

Noncompetitive plants; 

Culms per plant, num- 
ber. 

Average length of 
culm, centimeters 

Average length of head, 
centimeters. 

Total grains, number. . 

Total weight of gram, 
grams 


Uleterosygousj 

f Green 

1 Heterozygous. 

/Green 

\ Heterozygous 

/Green 

\Heterozygous. 

1 Green 

\ Heterozygou.s 

/Green 

1 Heterozygous. 

I Green 

I Heterozygous. 

/Green ... 

IHeterozygous- 

/ Green.- 

\Heterozygous. 


i Heterozygous 


150 5. 1533 

168 5.3512 

150 62. 5933 

168 63. 0476 

150 6.8533 

168 8. 7530 

150 210.3300 
168 205.3600 
150 6. 3200 

168 6 1518 

1 15 5. 8609 

157 6. 0064 

115 61 5000 
157 63 0032 

115 7 0239 

157 6. 9952 

115 240.2200 
157 247.2900 
115 7.6630 

157 7 9443 


}+0 1979 
I -}-.4643 


.1738 / + 

;w2 }+' 


.5643 U, 
.4972 
0660 \ 

. 0562 j ■ 
7 9739 \ - 
7.4063 
.2507 1 . 

. 2406 / 
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Tablk 4. — Measurements of plant characters in crosses involving Colsess IV and 
Colsess I [competitive plants) ^ groirn at Fort Collins^ Colo. 


(’litmu'ters studied 


Colsess IV: 

Culms iier plant, num- 
ber. 

Average length of 
eulni, centimeters. 

Average length of head, 
centimeters. 

Total grains, number . 

Total weight of grain, 
grams 
Colsess I* 

Culms per plant, num- 
ber. 

Average length of 
culm, centimeters. 

A verage length of head, 
centimeters 

Total grains, imrnlier. 

Total weight of grain, 
grams 


Segrcgnlioii 


/Green 

(Heterozygous- 

fOreeu— 

t Heterozygous - 

/Green- 

1 1 Heterozygous. 

Green. 


/Green, 
t Heterozygous 

/Green 

(Heterozygous 

/Green 

(Heterozygous 

1/Green 

1 1 Heterozygous 
/Green - . 
(Heterozygous 
/Green. . 
(Helero7.M.(n .»•. 


riaiits 

Moan 

Stand- 

ard 

error of 

DitTer- 

emx) 

Stand- 

ard 

error of 
a dif- 

D/S. E. 
of dif- 
ference 



mean 


ferencH) 

Number 






104 

219 

6.7308 

6.6708 

0. 1866 
.1368 

|-0. 1600 

0.2300 

0.6938 

104 

219 

62.3846 
03. 2169 

.6201 

.3777 

} +.8323 

.7261 

I. i40;i 

104 

219 

6.2886 
6. 7477 

.0669 

.0610 

1 +.4592 

.0841 

6.4002 

104 

219 

207. 2100 
217. 4700 

7 :i518 

5. 2364 

j+10.2568 

9. 0260 

1. 1363 

104 

219 

6.7500 
6. 7432 

.2280 

.1696 

} -.0068 

.2841 

. 02:19 

104 

160 

5.7308 

6 9626 

.1856 

1305 

1+0. 2:iJ7 

2209 

1.0212 

104 

160 

62 :1846 
64. 0750 

.6201 

4964 

1+1.6904 

i 1.7937 

2. 1298 

104 

1(U) 

6 2886 

6 4375 

.0669 

0660 

1 f 14(M) 

. 0872 

.7087 

104 

160 

207 2100 
216 2500 

7.:i518 
h. . 5:100 

J+9 (M 

9 1995 

9827 

MM 

MM) 

6 76(K) 

6 89:18 

.2280 

MM9 

[ + 1438 

2814 

. .5100 


K. E. in 
per- 
cent- 
age of 
mean 


Percent 
J 3.2386 
( 2.4667 
/ .tttt40 
( . 6976 
r 1.063H 
( .7668 
/ 3.6480 
\ 2. 4079 
/ 3. 3778 
\ 2. 6161 


{ 


3. 2386 
2. 1887 
9940 
732 
I.(M(38 
.8699 
3 6480 

2 5672 

3 3778 
2 3920 


THE EFFECT OP TWO LETHAL PAf'TOKS 

The effect of two lethal factor pairs when in the heterozygous 
condition on the powth of plants was determined in families from a 
cross between Colsess II and Colsess IV. The factor pairs involved 
in this cross are Ar/ic^ and AVc- The data obtained from plants 
heterozygous for both factor pairs are given in table 5. 

Table 5, — Measurements of plant characters in competitive plants heterozygous for 
two lethal-factor pairs Ar^Oc^ and XeXr or for the two linked-factor pairs AfOc and 
Y cXc 


Characters studied 


Aeittez and Xad 

Culms per plant, num- 
ber. 

Average length of 
culm, centimeter. 

A verage length of head, 
centimeters. 

Total grains, numlier. . 

Total weight of grain, 
grams. 

Ai.a„ and 

Culms per plant, num- 
ber. 

Average length of 
clum, centimeters. 

Average length of head, 
centimeters. 

Total grains, number. . 

Weight of grain per 
plant, grams. 


Segregation 


/ Green 

!( Heterozygous. 

/Green 

(Heterozygous. 

/Green 

(Heterozygous 

! Green 

Heterozygous. 

Green 

Heterozygous. 


/Green 

(Heterozygous. 

/Green 

(Heterozygous. 

/Green. 

(Heterozygous. 

/Green 

(Heterozygous. 

/Green 

(Heterozygous. 


riants 

Mean 

Stand- 

ard 

error of 

Differ- 

ence 

Stand- 

ard 

error of 
a dif- 

D/S K 
of dif. 
ference 





ference 

Number 






160 

91 

6. 163:1 
6. 6166 

, p 

li 

1+0.3632 

0. 2394 

1.617J 

160 

91 

62.6933 
60. 3571 

.4709 
. 6774 

J- 2.2362 

. 7461 

3. 0012 

160 

6.8633 

.0532 

} -.1088 

.0981 

1. 1091 

91 

6.7446 

.0824 

160 

210. 3300 

6 8412 

}-1.64 

10. 6706 

. 1457 

91 

208.7900 

8 8100 

160 

91 

6.3200 

6.6346 

11 

1 +.3146 

.3246 

9692 

104 

104 

5.7308 

6.1442 

.1856 

.2048 

} +.4134 

.2764 

1. 4967 

104 

104 

62. 3846 
63.3077 

.6201 

'6493 

} +.9281 

.8978 

1.0282 

104 

104 

6.2885 
6. 7212 

.0669 

.0728 

} +.4327 

.0989 

4. 3751 

104 

104 

207. 2100 
238. 9400 

7. 3618 
8.6390 

}+31.73 

11.3440 

2. 7971 

104 

104 

6.7600 

7 7500 

.2280 

.2632 

j +1.0000 

.3483 

2. 8711 


S K 
in per- 
centage 
of mean 


Percent 

2 6992 

3 6330 
. 762:1 
. 9666 
. 7763 

1.2217 
2. 7772 
4.2196 
2. 9889 
3. 9791 

3.2386 
3. 3332 
0.9940 
1.0260 
1.0638 
1.0831 
3. 6480 
3. 6166 
3. 3778 
3. 3961 
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With the exception of the average length of culm, none of the dif- 
ferences between the characters studied in homozygous green plants 
and plants heterozygous for both factor pairs is significant. The 
green plants seem f.o have a higher average lengtli of culm than the 
heterozygous plants. However, the general indi(‘ations are that two 
lethals in the heterozygous condition are not detrimental to the growth 
of plants as indicated by the measurements of the number of culms, 
average length of head, total number of grains, and total grain weight! 

A study of the linked genes in Colsess IV and Colsess 1 was made in 
the plants heterozygous for both of the factor pairs and A^ac. 
The data obtained from this study are also given in table 5. 

In the study of the above-mentioned characters, it was found that 
all of the plants surviving in F 2 were heterozygous for both factor 
pairs. As the linkage of the factor pairs ArO^ and XcXc shows less 
than 4 percent crossing over,' one would not expect any green plants 
in the small number of competitive plants studied. This made it 
impossible to compare the heterozygous plants with homozygous 
green plants of the same family. However, green plants from the 
families segregating for the single factor pairs X^r^ and A/j,. were 
used. The data in table 5 show significant differences in favor of 
the heterozygous plants for the following (‘haracters: Average lengtli 
of head, total number of grains per plant, and total weight of grain 
per plant. The variability of the green and heterozygous plants is 
uniform for the same plant characters. This is indicated in the 
column headed wS. E. in percentage of mean. A similar procedure was 
used in studying the relationship in the nonlinked factor pairs Xcfc 
and /lf 3 «rg, except that some green plants from the families segregating 
for both factor pairs were used. The discrepancy can hardly be 
explained on the basis of blank spaces in the adjacent row;s since 
the same ratio of 9 green to 7 lethal seedlings was obtained in both 
families. The results indicate, as in the case of the nonlinked genes, 
that there is no detrimental effect of two lethal genes in the hetero- 
zygous condition on the grow th characters studied in Colsess. 

DISCUSSION 

The data presented show less difference betw^een the competitive 
and noncompetitive plants tlian was found in the previous study 
The same lack of detrimental effect is evident in both cases for the 
factor pair Acac found in (-olsess 1. 

The apparent difference in favor of the plants heterozygous for 
both the factor pairs AcOr and XeXe cannot be explained on the basis 
of the presence of lessened competition due to blank spaces in the 
adjacent rows since this condition was also present in the plants used 
for the study of the effect of the factor pairs Ar-^ae^ and which 

are not linked. In the latter case no significant difference was found 
betw^een the green plants of the genetic constitution (Ae^A^^) (AfA^) 
and the above-mentioned green F 2 plants of the genetic constitution 
(/l, 3 <i, 3 ) {XeXc). If the difference had been due to blank spaces in 
the adjacent rows the same difference should have been obtained in 
both families studied since the percentage of blank spaces was the 
same. 


« Robertson, D. W. See footnote 3. 
® K0BBRT8ON, D, W^ See footnote 2. 
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There is a possibility that the difference may be due to the recom- 
bining of dominant-growth genes linked with the lethal-factor pairs 
in Colsess I and Colsess IV. 


SUMMARY 

The effects of the lethal seedling-factor pairs found in Col- 
sess I, found in Colsess II, and X^e, found in Colsess IV, were 
studied as single heterozygotes in different plants and in combina- 
tions of double heterozygotes in different plants on the following 
mature-plant characters: Number of culms per plant, average length 
of culm per plant, average length of head per plant, total number of 
grains per plant, and total gram weight per plant. 

Colsess I {Afit) produced green and wliite seedlings in a 3 : 1 ratio. 
C’olsess II (AjCcj) also produced green and white seedlings in a 3 : 1 
ratio, but is different geneticaly from Colsess T. Colsess IV (AVr) 
produced green and yellow seedlings in a 3 : 1 ratio and is linked to 
the factor pair (Aeae) in Colsess I. 

No detrimental effects were found when plants of Colsess I, Col- 
sess II, and Colsess IV in the heterozygous condition were compared 
with homozygous green plants of the same families. 

No detrimental effects were found in the characters studied when 
plants containing the factor pairs {Ae^Oe^), double hetero- 

zygotes, were compared with pure green plants of the same families. 

A similar lack of detrimental effect on the characters studied was 
found when plants containing the linked-factor pairs (XtXc) (i4<.Oe), 
double heterozygotes, were compared with related green plants from 
the same cross. 


SOIL-TEMPERATURE STUDIES ON FI/)RIDA CIGAR- 
WRAPPER TOBACCO ‘ 

By Randall R. Kincaid, associate plant pathdogisl, aud L. 0. Gbatz, plant 

pathologist in charge, North Florida Substation of the Florida Agricultural Experi- 
ment StaMon 

INTRODUCTION 

Numerous studies have been made to determine the effect of 
temperature on the growth of certain varieties of tobacco (Nicotiana. 
tabacum L.), and on the development of certain ^seases of this host. 
Several workers have studied the relation between soil temperature 
and germination of tobacco seed. Kincaid (5)“* foimd that the cardinal 
temperatures for the germination of Florida cigar-wrapper tobacco 
seeds are approximately 10°, 24°, and 34° C. 

The. extent to which the growth of tobacco plants is affected by 
soil temperature apparently has received little attention. Johnson 
and Hartman (5) reported that whi£e hurley plants grew very little 
at temperatures below 13° C., best at 29° or 31°, and poorly at 40°; 
they noted that at the optimum temperature the plants grew low 
and stocky with broad but rather pointed leaves, while at tempera- 
tures near the maximum the plants were tall and spindly with short 
and rounded leaves. Godfrey (£), who also experimented with white 
hurley tobacco, reported that there was a uniform increase in growth 
at temperatures from 10° to 25°, and some growth at 38°, the highest 
temperature which he used. 

The effect of soil temperature on the development of certain soil- 
home diseases of tobacco, especially black root rot, has received 
considerable attention, as is shown in a review by Jones, Johnson, 
and Dickson (7). These writers have also presented a valuable 
discussion of the relation of soil temperature to plant disease, making 
further discussion of this subject unnecessary here. 

Tisdale and Kelley (10) made observations on the relationship 
between soil temperature and the development of black shank caused 
by Phytophthora paralitica var. nicotianae Tucker. They reported 
that plants transplanted early remained free of the disease for a few 
weeks, until the mean daily temperature of the soil reached about 
20° C., and that the temperature during the remainder of the season 
never rose too high for infection 

The cardinal temperatures for the growth on culture media of a 
strain of the black shank Phytophthora isolated at the North Florida 
Experiment Station are approximately 8°, 30°, and 36° C., according 
to data reported by Tisdale and Kelley {10) and Tucker {11)- . 

Black shank is the most important (fisease of tobacco in the district 
of northern Florida and southwestern Georgia where cigar-wrapper 

* Received for publication May 13, 1935; issued December li>35. 

* Reference is made by number (italic) to Literature Cited, p. 449. 
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tobacco is grown Under shade. This disease was first identified in 
the United States by Tisdale (9) in 1922, and by breeding and selec- 
tion he pn>diiccd varieties of c‘igar-wrai)i)er tol)a(*co highly resistant 
loit. 

Tlie obj('ci of tlie investigation n'portcd below was to deterinine 
the cardinal soil temperatures both for the development of the 
black shank disease and for the growth of Florida cigar-wrapper 
tobacco plants. Some observations were made on the relation of 
soil temperature to the development of black shank in the field. 

APPARATUS, METHODS, AND MATERIALS 

The apparatus used in these studies for the control of soil tem- 
perature was similar to that described by Camp and Walker (/). It 
consisted of eight compartments filled with water. Each compart- 
ment accommodated eight cans of soil, and the level of the water 
outside the cans was about the same as the level of the soil inside the 



Fiwuuk 1. -KITerf, of con.stant soil fomiwratures (induatod on the cans) on the ffrowth of tohacco jdanls 
of the Hound Tip variety, see table 1, trial 2, 


cans. An agitator in each coiupartment kept the water in continuous 
circulation. The compartment at one end of the ap])aratus was 
cooled by means of a thermostatically controlled refrigerator, and the 
compartment at the other end was heated by means of thermostati- 
cally controlled electric heaters of the immersion type. The other 
six compartments adjusted themselves to a series of intermediate 
temperatures, diflering by 3° to 5®. 

The cans (fig. 1 ), made of galvanized iron, were 8 inches in diameter 
and 22 inches deep, and had a capacity of about 4 gallons of soil. 
They were brought to equal tare by the addition of coarse gravel, 
and the same weight of moist soil was added to each. 

The soil was a fine sandy loam having a pH value of about 5.2. 
The fertilizer used was composed of 100 pounds of cottonseed meal, 
10 pounds of precipitated bone, and 15 pounds of sulphate of potasli, 
and analyzed 8 percent Nils, 8 percent P2O5, and 5 percent K2O. 
It was applied at the rate of 5 ounces per 4-gallon can. Before the 
fertilized soil was used in these experiments, it was heated in an 
oven for about 6 hours at 60® to 70® C., or for about 2 hours at 80® 
to 90®, to destroy the black shank fungus and root knot nematodes. 
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The water-holding capacity of the soil was deteriuined by the Hileard 
(4) methoi^ and the moisture content by drying samples in an oven 
at ^5°. The imtid water content of the soil fn the different trials 
varied from 14 to 19 percent of the dry weight, or from 32 to 40 
percent of the water-holding capacity. In the firet two trials, the 
water content of the soil in the eoldest compartment increased to' 
about 25 percent of the dry weight as a result of the condensation of 
atmospheric moisture on the cold inner surface of the cans. How- 
ever, the appearance of the plants in the cans was normal, and the 
difference m the moisture content of the soil was not believed to be 
of much importance. A l-inch layer of coarselv granulated cork was 
added to the top of the soil after the plants had been transplanted 
for the purpose of insulation. 

The temperatures observed in the soil at a depth of 4 inches seldom 
varied more than 1° above or below the average temperatures re- 
portecl in the tables. The mean daily tcm])prature of the greenhouse 
in which the apfiaratus was located ranged from 23° C. in one trial 
conducted in midwinter to 29° C. in another trial conducted in earlv 
summer, and the daily range was. generally between 10° and 15°. 
(Conditions in the greenhouse during all trials were favorable for the 
growth of tobacco plants. The cans were weighed once a week, and 
sufficient ta]) water was added to the soil once or twice a week to 
restore them to their original weight, but no allowance was made for 
the weight of the plants. 

The plants used in these e.xperiinents were of the variety No. 301, 
which is resistant, and Kound Tip,’ which is highly susceptible to 
black shank. No. 301 was developed at this station by Tisdale 
i nd Kound Tip was <‘cvelopcd in ('onnecticut by Hayes, East, and 
Heiuhart and l\v Jones id, (i). Seed plants had been self-])ollinated 
for several Micc(!->ive generations, i nd tlic .seeds used were probably 
pure lines. The seedlings were grown in Hats of sterilized soil. 
They were caiefully selected for unifonihty of size and color, and one 
seedling was trans|)lanted to each can. The height of the plants at 
the time of transplanting was about 1 inches. 

THE CARDINAL SOIL TEMPERATURES FOR THE GROWTH OF 
TRANSPLANTED TOBACCO SEEDLINGS 


Several trials were conducted to deter nine the cardinal soil tem- 
peratures for the growth of cigar-wraiiper tobacco plants for a period 
of a few weeks after transplanting. These temperatures may be 
defined as follows: Minimum, the lowest temperature at which growth 
occurs; optimum, the tcmiierature at which the most growth occurs; 
ma.\imum, the highest temperature at which growth occurs. 

A few daj^s after the seedlings had been transplanted, the cans 
were placed in the tanks and brought to the various constant tempera- 
tures. After a certain period of growth, observations were made on 
the plants as follows: (1) Height from the soil to the terminal bud, 
(2) length of the longest leaf, (3) number of leaves longer than 1 


Both of these '"‘irieties may be classifleci under type 62 , < which comiiriaes soutliern shade 
cipar wrapijers. „ 

I'NiTKD States Department of Agriculture. Bureau of AtmicubTURAi Economics. 
4nEs FOR SOUTHERN siiAHK TOBAcc’o (u TYPE 02 ), 15 pp. 1P33. | Mimeographed.] 
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ineh, and (4) the green weight of the plants. Measurements . of 
s^n weight were made only on the plants of No. 301; the Bound 
^p plants were used for the studies on black shank. 

A preliminary trial was conducted with Bound Tip plants to obtain 
an indication of the limits of temperature for growth. Because of 



20 29 30 

TCMPtRATURE (t.) 


Figuuk 2. —Effect of various constant soil temperatures on the growth of tobacco plants of the Hound Tip 

variety : X, Trial 1; B, trial 2. 

mechanical difficulties incidental to the adjustment of the refrigerator, 
the control at the cold end of the apparatus was poor. However, it 
was evident from the results that the minimum was slightly below 
the lowest temperature used, 16° C. and below, and that the maximum 
was approximately 40°. 

Three other tnals with Bound Tip and two trials with no. 301 
plants were conducted. The average measurements of the plants 
in these five trials are given in table 1. The growth of Bound Tip 
plants in trial 2 is shown in fi^re 1 ; the plants selected for the photo* 
graph were those which best illustrated the average measurements of 
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the plants grown in the respeotire compartments. The growth of 
the plants m trials 1, 2, 4, and 5 is shown graphically in figures 2 
and 3. 

These results indicate that the minimum temperature for growth of 
transplanted seedlings of both Round Tip and No. 301 is about 9° C. 




and the m aMimi m about 40°. The optimum was not very closely 
defined, because the best growth, as indicated by the measurements, 
was ^stributed over a range of temperatures from 24%° to 32°. 

The minimum for the growth of transplanted seedlings corresponds 
closely to the minimum for the germination of seeds of No. 301 (5) 
but the optimum and maximum are somewhat higher. 



446 


Journal of Agricultural Research 


Voh 61, no. 6 


Tablb 1. — Effect of various constant soil temperatures on the growth of tobacco plants 
of the Round Tip and No. SOI varieties 


Trial 

no. 


Variety 


1 Uouu i Tip. 


2 do. 


3 do. 


4 Nn 301 


. do.. 


Perio<l 
(if obaer* 
vat ion 

Soil 

temper* 

atnre 

Plants 

Average 
height 
of plants 

Average 
length 
of long- 
est leaf 

Average 
number 
of leaves 

Average 
green 
weight 
per plant 

hayn 

® c\ 

Number 

Inches 

Inches 


Grams 

12 

7 

3.3 

10.1 

8.7 




16 

1 6 

10.7 

13.9 

14.0 

, 


20 

1 6 

10.7 

13.3 

14.0 


47 

1 24 

7 

11.0 

13.5 

15.0 


27 

7 

12.8 

14.0 

16.4 




.30 

7 

12.8 

13.7 

16.0 




34>c 

7 

0.6 

11.3 

14,0 



38*2 

7 

6.0 

8.6 

10.7 




0}-2 

7 

1 3 

7.3 

4.4 




15 

7 

7. 1 

13.0 

10.8 

.. ^ 


20 

7 

11. 1 

15.1 

12.8 


32 

24*. 

7 

14. 0 

16. 1 

13. 3 


28*:. 

7 

13. 1) 

17.3 

12.7 



32*:. 

7 

12.8 

17.1 

11.8 




37 

7 

2 3 

7.9 

4.6 

- , , . 


*41*2 

7 

1 8 

1.9 

1.4 



10* 

1 

0 .5 

8.5 

ll.O 




16 

1 

1 17.0 

12.5 

17.0 

t 


20 

1 

18. 5 

13.6 

18.0 


4g 

24 Vg 

1 

18 b 

14.6 

17.0 



28 

1 

21. 5 

14 0 

20 0 



31* <2 

1 

21.5 

13.0 

18.0 




3.*) 

1 

13 5 

10,6 

13.0 




38^2 

1 

4.0 

4.5 

5.0 



/ 0 

7 

1.5 

2.8 

2 4 

2.4 


11*2 

7 

1 3 

3 3 

3.0 

2 9 


16* '2 


2.7 

6. I 

7. 7 

16. 1 

31 ' 

/ 2Vo 

7 

4.3 

8. 1 

9 7 

27. 6 

26 

7 

6.1 

9 6 

11 1 

42. 1 


30 

7 

5 6 

8 7 

10 7 

33. 3 


34* i 

7 

5.1 

7.9 

9.9 

25 7 


3tt 

7 

3.4 

4.9 

7 1 

9 3 


11 

8 

1.8 

3.9 

4.4 

3 9 


16 

1 

3.3 

6 4 

6 6 

10 0 


2*1 

7 

3 6 

6 8 

7 0 

n.7 

til i 

24* 

7 

i 8 

8 0 

7 6 

17. 0 


28* ..1 

t 

r^ 1 

8 3 

7.6 

15. 3 


32 1 


5 2 

( < 

7 9 

16. 0 


:}6*« 
.* 40' 2 ! 

^ ' 

3.4 

4 9 

6.4 

7 3 

1 


• Uptant acfidentally killinl. ^ Plants nearly deati 


All plants dead or dyiriK. 


EFFECT OF CONSTANT SOIL TEMPERATURE ON THE 
DEVELOPMENT OF BLACK SHANK 

Four trials were conducted to determine the cardinal soil tempera- 
tures for the development of black shank caused by Phytophthora 
parasitica var. nicotianue Tucker {11). These temperatures may be 
defined as follows: Minimum, the lowest temperature at which symp- 
toms of the disease appear; optimum, the temperature at which symp- 
toms of the disease appear in the largest percentage of the plants 
within the shortest time after inoculation; maximum, the highest 
temperature at which symptoms of the disease appear. 

Seven transplanted seedlings of the Round Tip variety, which is 
verv susceptible to black shank, were inoculated and incubated at 
each temperature for each trial. The fungus used oririnated from a 
single-spore culture of Phytopthora isolated from tobacco at this 
station, and was grown on potato-dextrose agar or on steamed wheat. 
The fungus and the medium were mixed with the soil shortly before 
transplanting in two trials, and placed in contact with the stems 
below the surface of the soil in two others. The amount of inoculum 
was the same in all cans of each experiment, and was evidently 
sufficient in every trial to insure prompt infection at favorable tern- 
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perstures. One nonuioculated check plant per compartment was 
left in each trial. 

The plante used m the first three trials were placed in the cans in 
blocks of soil in which they had been transplanted a few days previ- 
ously, so that the growth of the plants was not seriously interrupted. 
The plants used in the last trial were pulled and transplanted accord- 
ing to the usual field practice. 

The time which elapsed between inoculation and the appearance 
of the symptoms of tne disease was carefully observed. Diseased 
plants were recognized by permanent ^ting, generally Allowed by 
the blackening of the stem above the soil and cork. Stunting of the 
inoculated plants, as compared with the check plant at the same 
temperature, was often noticeable before the wting; the checks 
remained healthy in every instance. 

The results of four trials with Round Tip plants are given in table 2. 
That temperature has an important effect on the pathogenic activity 
of the fungus is shown by the number of plants infected and the time 
required for the appearance of symptoms of the disease. The mini- 
mum temperature varied considerably with the age of the plants, 
from 16° C. or lower for newly transplanted seedlings to about 24° 
for plants inocidated 41 or 47 days after transplanting. The opti- 
mum was approximately 28°. The max im um was near 34°, but was 
not clearly defined, for a few plants died apparently from the com- 
i)ined effects of black shank and unfavorably liigh temperature. 


Table 2. — Effect of various constant soil temperatures on the development of black 
shank in tobacco plants of the Round Tip variety 


Trial 

No, 

Soil tem- 
^lerature 

Period of 
incuba* 
tinn 
before 

Plants sho %’ing symptoms of black sliank after indicated 
number of days 

inocu- 

lation 

4 

6 

1 

10 

14 

15 

20 

40 


‘’C. 

]2 

16 

Days 

Nun^r 

Number 

0 

Number 

Number 

Number 

Number 

0 

Number 




0 




0 



20 

24 

27 

30 

S4H 

38H 

1 9}i 

15 

1 an 



0 

0 




0 



U 





2 


1 


2 




6 





4 




6 





4 




5 





0 

0 




1 







0 






0 



0 






0 



0 




/ 24 H 

28H 
32H 
37 

iai 

16 

20 

24 H 

no 

41 


0 



1 



2 


Q 



6 






4 



6 






0 



0 






(*) 



(*) 






0 



0 





0 




0 





0 




2 





0 




6 

3 

lO 



5 




6 


I* 

36H 

16 

19 



2 




6 





0 




0 



9 

0 

■" 6’ 

0 

0 

0 

3 

' “ 3*' 

4 

5 

3 

6 

0 


0 




0 

0 

3 

A 

6 

5 



4,. - 

,0 

1 

0 

A 

0 




28 

si^it 


4 

Q 

o 

3 

4 





0 

0 

0 

1 

1 

1 

1 




34 


1 

J- 

2 

2 




37 


0 

0 



1 


* Plants nearly dead at time ot inoculation. 
32605—86 5 
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Tlxe effect of soil temperature on the devdiopment of the disease is 
probabljr due to the effect of temperature on the rate of ^owth of the 
ftmgus eilber saprophytically in the soil or parasitically in the tissues 
of me host. In fact, the cardinal temperatures for the development 
of the disease correspond somewhat closely to those reported by Tis- 
dale and Kelley (10) and Tucker (11) for me growth on culture media 
of the pathogen isolated by Tisdale at this station. 

The number of plants available for observation in the ex^riments 
reported was limited by the capacity of the ap}>aratus, but the general 
^a«eement of the results of the various trials indicates that the con- 
clusions are fairly reliable. The plants inoculated several weeks after 
transplanting (table 2, trials 1 and 2) were grown at the same tem- 
perature at wWch they were held after inociilation. It is possible 
that the temperatme at which the plants were grown had some 
influence on their susceptibility. This subject warrants further 
investigation. 

RELATION OF SOIL TEMPERATURE TO THE DEVELOPMENT OF 
BLACK SHANK IN THE FIELD 

The results of the experiments reported above, as well as Ibose of 
Tisdale and Kelley (10), show that tlie temperature of the soil may 
affect the activity of the black shank organism in the field. Some 
further field observations may be of interest here. 

In September 1932, Round Tip plants were transplanted in the trial 
plot at this station, where high percentage of the Round Tip plants 
in the check rows had died dunng the usual growing season which 
ended in July. These plants were still free from black shank when 
they were pulled for examination in November. This indicates that 
the pathogen bad become inactive in the soil during the midsummer 
months. No soil-temperature records for these months are available. 
The following season, Round Tip plants transplanted in the same field 
in March remained healthy for several weeks. The first wilted plants 
were observed about the first of May, when the soil temperatxire at a 
depth of 2 to 4 inches ranged from about 20° C. at night to 24° during 
the day. ' This agrees closely with the minimum temperature (24°) 
reported above for the development of black shank in Round Tip 
plants inoculated several weeks after transplanting. 

The problem of the survival, multiplication, and distribution of the 
black shank fimgus imder field conditions deserves further investi- 
gation. 

SUMMARY AND CONCLUSIONS 

Experiments were conducted to detennine the cardinal soil tempera- 
txires for the growth of transplanted cigar-wrapper tobacco seednngs. 
The minimum and maximum were found to be approximately 9° and 
40° C., respectively, and the optimal range from about 24K° to 32°. 

Experiments were conducted to determine the effect of constant 
soil temperatm'es on the development of black shank (PhytoplUhora 
parasitica var. nicotianae Tucker) in Roimd T^p tobacco plants, which 
are very susceptible to the disease. The minimum temperature for 
infection was found to vary considerably wdth the age of the plants, 
ranging from 16° C. or lower for newly transplanted seedlings to about 
24°^ for plants inoculated several weeks after transplanting. The 
optimum is about 28° and the maximum about 34°. 

Observations on black sha^ in the field indicate that soil temper- 
ature is an important factor in tbe development of Ibe disease. 
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THE DEVELOPMENT OP THE BARLEY SPIKE ' 

By O. T. Bonnbtt 

Associate in plant breeding, Illinois Agricultural ExperimeiU Station ^ 
INTRODUCTION 

A study of the morphological development of the barley spike has 
practical significance for the agronomist and should be of interest to 
the botanist. Prom a study of the morphological development of the 
barley spike the agronomist can determine the critical period at wliich 
spike development may be affected by the environment. Differences 
in the rate of ^fferentiation and growth in early spike development 
^ye a suggestion of the reasons for variation in the mature spike. 
Finally, the manner of the adjustment of the spike to environmental 
changes is indicated. To the botanist the development of the barley 
spike furnishes an example of the sequence of differentiation in a 
grass stem. 

Publications dealing with the de.velopment of the barley stem from 
gemiination to pollination are fe^fr. Two publications that deal with 
the development of the barley spike from the earliest stages to com- 
plete differentiation should be mentioned. Schuster* published a 
description and a set of drawings illustrating several steps in spike 
and spikelet development. More recently Noguchi* has given a brief 
description of the spike and spikelet development and has illustrated 
some of the phases of development by drawings. He also gives data 
showing the length and breadth of the spike of 6-row and 2-row barley 
at different sta^s from 10 to 200 days old. 

The illustrations accompanying the above-mentioned publications 
are line drawing and hence present more or less diagrammatically 
what is shown in this article ny photographs. In addition, several 
stages of development are shown in tlus article that are not included 
by the above-mentioned authors. 


MATERIALS AND METHODS 


Both 2-row and 6-row barley were used in this study imd the photo- 
micrograplis that best showed the successive steps in spike and spike- 
let development were chosen without regard to type. This was 
justified since both types follow the same sequence of development, 
the only exception being that the side spikelets of the 2-row barley 
do not develop as rapidly or as completely as the central spikelets. 

The plants were grown in pots in the greenhouse, and when they 
were 20 days old daylight was supplemented with electric light from 
500-watt bulbs placed about 3H f®flt above the bench on alternate 
nights. These conditions of growth produced normal jjlants e.xcept 
that the electric light hastened the development of the spike. 


‘ Received for publication Ai>r. 16, 1936; Issued December 1105. ,, 

» SCBUSTBK, J. t)B*B Oil MOBFBOUMIIE PBB OBASBLVTB. Flora [Jena] 100. 21 ^^, inus, 1010. 

5 Noguchi, Y. studien Obee die entwickluno deb infloreszenzen und der bluten bbi gktreidk 
PFLANZEN. Jour. Col. Agr., Imp. Unlv. Tokyo 10: 247*W. Ulus. 1929. 
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At intervals of a few days, plants were ptilled, taken to the labora- 
tory, and the growing points dissected from the stem under the low 
power of a binocular microscope. Especially ground dissecting 
needles were used. The growing point was easily exposed and re- 
moved for ^photographing by carefully cutting and removing the 
loaves enclosing it. 

Photomicrographs were taken with an upright camera, adjusted to 
ht over one side of the binocular microscope. It was necessary to 
construct a special light-tight collar to connect the microscope and 
camera. The eyepiece was left in the microscope when exposures 
were made. ' 

Light for photographing was obtained from a microscope lamp 
fitted with a 200-watt bulb. A Florence flask filled with water con- 
taining sufficient copper sulphate to produce a light blue-green color 
was used as a condenser. This set-up gave a light of sufficient in- 
tensitjr to produce a good negative on commercial orthochromatic 
film with about 10 seconds’ exposure. 

At first great difficulty was experienced in making photographs 
because of the very rapid drying of the growing points. Later, the 
growing points when dissected were placed on moist blotting paper in 
a small preparation dish and stored in a Petri dish lined with wet paper 
towels. Material handled in this way could be kept for 24 hours 
without any apparent deterioration. It was also found that speci- 
mens stored in the moist chamber for a period of time did not dry 
out as rapidly as those that had just been dissected. 

Two methods of mounting the growing points for photographing 
were used. In one the specimen was mounted on moist blotting 
paper over black paper placed in the bottom of a preparation dish. 
The preparation dish was covered with a watch glass for the pre- 
liminary manipulations and focusing and then the watch glass was 
removed for the final focusing. The other method was to place a 
drop of petroleum jelly on a glass slide, mount the specimen in the 
jelly, and then place the slide over a black velvet background. Both 
metnod^ of mounting were satisfactory except that in using the latter 
method more speed was necessary to complete the photographing 
before the specimen dried. 

Growing points of barley are very difficult to photograph because 
they are colorless and nearly transparent. They were photoOTaphed 
against a black background with the light so placed that the high 
lights and shadows brought out the detail. In some cases in order 
to provide contrast, a stain composed of a mixture of 90-percent 
alcohol, a small amoimt of glycerin and basic fuchsin was applied to 
the specimen with a camel’s-hair brush. The alcohol quickly evapo- 
rated, leaving the glycerin and stain in the folds of the various struc- 
tures. Since the red stain photographed black the details of the 
structures were clearly outlined. 

DESCRIPTION OF SPIKE DEVELOPMENT 

In the resting stage of the barley ^ain the stem of the embryo is 
composed of only a few structures. These are the coleoptile and first 
leaf, which are the largest of the structures, the second and third leaf 
initials, the growing point, and a tiller bud in the axil of the coleoptile. 
The coleoptile and ^t leaf have been dissected from the embiyo of 
the barley seed in plate 1, A, to show the second and third leaf 
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Af A part of the embryo of a kernel of removed: h, Second leaf; 

Bp Growing point of a barley stem in the 3-leof i^Se^nthdeaf initial; Ith twelfth-leaf initial, sp.p 

Cp Growing point of a e-row barley stemffieX^f^gS’sh^Ur dou^^^^ the beginning of 

spike differentiation: t, Leaf initial; x, double ridge, J^lp X ^ jQ^atlon* 

J>p Young spike of 6-row barley from a stem in the 6-leaf shoj-mg the SSuble ridge - 1 tip 

8p OentwS spikelet; 8\ side spikelet; e, empty glume; «i, spikelet initial, j, lower of a douwe riage, i, up 

E, Sp'ft a frr“w barley .tem In the S-1^ staw tbetonm and an^ 
been used to make clear the position of the spike structures, e. Empty glume, g, » 

partially dried. X 26. 




Sept. 1, 1936 


The Development of the Barley Spike 


453 


initials. The growing point, which is hemispherical, is partly enclosed 
by the third leaf initial. By carefully removing the second and third 
leaves the primordium of the fourth leaf can be seen as a transverse 
ri<^e of the growing point. 

By the time the second leaf is well grown nearly all of the leaves 
and leaf initials that the main stem ^ have can be found. The ' 
leaves range in size from those fully nown to leaf primordia just 
distinguishable as ridges at the base of the growing point. At this 
stage of stem development the growing point has just begun to 
elongate in preparation for spike differentiation. Up to this time 
the growing point has been short and hemispherical. 

The growiim point of a stem in the three-leaf stage is shown in 
plate 1, B. The leaves that enclosed this growing point ranged in 
size from the fully grown first and second leaves with the third leaf 
about 2 inches long down to the sixth leaf that was just large enough 
to enclose the growing point. The seventh-leaf initial is the basal 
one (pi. 1, B, I,), while the last prominent ridge (pi. 1, B, I 12 ) is prob- 
ably the last leaf that the stem would have produced. Above the 
twelfth-leaf initial is the part of the growing point from which the 
spike is differentiated. 

The first indication of spike differentiation is the appearance of 
double ridges (pi. 1, C, x) instead of single ridges as was noted pre- 
viously. At first the ridges are nearly equal in size, but the upper 
ridge of each pair grows more rapidly and from it the spikelets are 
formed. The lower ridge of the pair probably becomes the intemode 
of the rachis, for apparently all of the spikefet structures arise from 
the upper of the pair of ridges. 

Spikelet differentiation is first indicated by the appearance of two 
slight depressions in the transverse meristematic ridge. The very 
earliest stages of spikelet differentiation can be noted in the two 
spikelet initials at the base of the spike (pi. 1,2?). Growth occurs in 
both sides and between the two furrows in preparation for the differen- 
tiation of the spikelet parts. Soon two little papillae, or empty glume 
initials, appear on opposite sides of each spikelet (pi. 1, D, e), but 
they appear first on the central spikelets. 

Several stages of spikelet development are shown on the same spike 
(pi. 1,2?). In the center portion of the spike the spikelet initials we 
quite prominent. The two toansverse ridges at the base of the spike 
and some of the ridges at the top of the spike show only the first 
evidences of spikelet differentiation. The veiy tip of the spike is 
smooth and shows little evidence of the formation of ridges, while in 
plate 1, 2?, X, the lower of a pair of ridges can be seen. 

The lemma is the first structure of the spikelet to (hfferentiate 
(pi. I, E, g). It appears as a distinct ridge across the spikelet initial 
and forms first upon the central spikelets in the central portion of the 
spike. Differentiation of the palea occurs somewhat later than that 
of the lemma, but since it is hidden by the other spikelet parts its 
development cannot be followed in gross dissections. 

Soon three little papillae appear upon the meratem above tne 
lemma (pi. 1, E, an, and F, an). These littie papillae are the pn- 
mordia of the anthers. The pistil is formed from that poruon of the 
meristem located between the anthers, but it does hot <werenti.ate 
till considerably later than the anthers. The ovary differentiates 
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first, followed bj the styles and last, the stigma, but no features of 
the diffjarentiation of the pistil can be seen in gross dissections. 

A fflde "view of a young spike of barley is presented in plate 2, A, for 
the purpose of showing an early stage in the development of the rachis. 
In the early stages the internodes of the rachis are veiy short, but as 
the spike matures the intemodes elongate. The degree of elongation 
determines spike density, a character used in the classification of 
barley varieties. 

The awn bemns its development as an outgrowth from the lemma 
(pi. 1, F, a). The awns and anthers grow quite rapidly and together 
with the empty glumes are soon the most conspicuous of the spikelet 
structures (pi. 2, B and (7). The awn growls much more rapidly 
than the lemma and palea, which remain short with the anthers 
extending above them. About the time the last internode of the stem 
begins to elongate the glumes begin their growth and finally enclose 
the anthers and pistil. It should also be mentioned that in barbed 
varieties of barley the barbs can be seen on the awn at an early stage. 

While the spike of barley shown in plate 2, B, was chosen prin- 
cipally to show the early development of the awn, it also shows the 
differentiation of a 6-row barley at the 6-leaf stage. A difference in 
development at the base and tip of the spike should be noted as well as 
the relative stages of differentiation in the side and central spikelets. 

The relative size and degree of development of the tip of the spike 
and the spikelets a little lower on the spike should be noted (pi. 2, 
C, t). The very tip of the spike is at this stage a bit of undifferentiated 
meristera, and the spikelete at the uppermost 7 or 8 nodes of the rachis, 
as contrasted with the spikelets below, are much retarded in develop- 
ment. As has been pointed out^ in the early stages of development 
the tip of the spike remains undifferentiated and sm<^th in outline. 
As the spike approaches maturity spikelet differentiation proceeds 
apically, but the last-formed spikelets never complete development, 
always remaining infertile and rudimentary. Rudimentary spikelets 
at the tip of the spike can be seen on any mature barley spike. 

At the base of the spike is a stnicture called the collar (pi. 2, D, 
c). This structure is a distinct ridge of tissue circling the stem at 
the first node of the spike. A similar but less prominent ridge of 
tissue is found at the first node above the collar (pi. 2, D, x). ^ far 
as has been determined in these studies, the collar and the ridge at 
the node above are formed by two leaf initials that are just beginning 
to differentiate but are not far enough along to continue their develop- 


EXPLANATORY LEGEND FOR PLATE 2 

At Spike of a 2-row barley stem in the 6-leaf stage, showing the rachis and a side view of anthers, awns, and 
side spikelets. Stain has been used to mark out structures: an, Anthers; a, awn; side spikelet. X 30. 

B, A 6-row barley spike from a stem in the 6-leaf stage, illustrating awn development and the comparative 
development of side and central spikelets: a, Awn; on, anthers; «, central spikelet; s', side spikelet; f, tif) 
of spike. X25. 

C, Part of a barley spike from the stem of a 2-row barley in the 6-leaf stage, showing the differentiation of 
the tip of the spike: on, Anthers; e, empty glume; e', empty glume of side spikelet; s', side spikdet; a, 
awn; t, tip of spike. X 25. 

D, Part of a spike from a stem in the 6-leaf stage, showing the collar at the base of the spike: c. Collar; r, 
seoond node of the rachis. X 30. 

E, Spikelet of a 2-row barley: pe. Pedicel; s', .side spikelet; tt, style; e, empty glumes; on, anthers; a, awn. 
X 45. 

P, Spikelet of a 6-row barley: s'. Side spikelet; e, empty glume; $t, style; on, anthers; o, awn. X 15. 

Q, Spike of a 2-row barley: s'. Slide spikelet; on, anther. X 8. 

H, Spikelet before pollination: r, Bacbis; /o, lodlcuies; o, ovary; s, empty glumes; sf, stigma; op, anther; 
SpSetot aft^poUlnation: legend as for TL 
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ment as leaves at the time spikelet differentiation begins. They are 
arrested in their development and form the structures mentioned. 
While spikelets develop at the collar, they are late and usually rudi- 
mentary and sterile. 

A spike of a 2-row barley wdl advanced in its development is 
shown in plate 2, 0. The awns on the central spikelets are well 
developed but not fully grown and the anthers protrude well beyond 
the glumes. The side spikelets are small, without awns on the lemma, 
and rudimentary anthers extend slightly beyond the glumes. Much 
in evidence are the empty glumes upon which the barbs can be seen. 
Barbs can also be seen on the awns. 

A spikelet of a 2-row barley (pi. 2, £) and a spikelet of a 6-row 
barley (pi. 2, F) are shown for comparison. Both spikelets were 
taken from stems in about the same stage of development. The 
last intemode of the stem, the one to which the spike is attached, had 
just begun to elongate. The anthers and stigmas in the spikelets of 
the 6-row and in the central spikelet of the 2-row barley extend above 
the flowering glumes. However, just before the head emerges from 
the boot, the lemma and palea which \ip to this time have grown slowly 
begin to grow rapWly- and soon enclose the anthers and stigmas. 
The anthei-8 in the side spikelets of the 2-row barley have been enclosed 
by the flowering glumes. The side spikelets of the 2-row barley 
are much smaller than the central spikelet, are without awns on the 
lemmas, and are pedicellate. The side spikelets of the 6-row barley 
are nearly as large as the central spikelet, have awns on the lemmas, 
and are sessile. The side spikelets of the 6-row barley are fertile, 
wliile those of the 2-row barley are sterile. The stigmas in neither 
have branched (pi. 2, E, F, at). 

Mature floweis before pollination and after pollination aie shown 
in plate 2, H, and plate 2, 1, respectively. The lemmas have been 
cut away to show the flower parts. Only one anther can be seen 
(pi. 2, 11). The other two anthers are hidden in the folds of the palea. 
Before pollination the anther is not dehisced, the stigmas are erect, 
branched, and feathery, the lodicules swollen and turgid, and the 
ovary small. After pollination the anthers are dehisced, the stigmas 
are collapsed, the lodicules are shrunken, and the ovary has increased 
in size. The fertilized ovary after a period of growth and differentia- 
tion becomes the barley kernel. . 

Aside from the pistil and palea mentioned previously, two other 
spikelet structures, the rachilla and the lodicules, have not been fol- 
lowed in their differentiation and development in this study. They 
are so located that their differentiation and development cannot be 
shown. 

DISCUSSION 

That period in the morphological development of a head-bearing 
barley stem extending from germination to pollination can be divided 
into two phases. These phases can be determined approximately by 
examining the stem and more accurately by examining the ^i^g 
point. In the first phase of development, the intemodes of the stem 
do not elongate, leaves grow, leaf initials are the only struc^res 
differentiated from the growing point, and the growing pomt above 
the base remains smooth in outline but increases m length, the 
changes in the stem and the growing point which mark the transition 
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from the first to the second stage are shown by tlie beginning of inter- 
liode dongation in the stem and the appearance of double ridges on 
the growing point. In the second jphase of devriopment, the inter- 
nodes of the stem elongate, the spikelets and spikelet structures differ- 
entiate, increase in size, and complete their development in prepara- 
tion for pollination. 

It is interesting to note how the phases of stem development of a 
barley plant parulel each other not only in those stems that produce 
heads but in all stems even down to the tiller buds. When stems 
producing heads pass into the second phase, i. e., jointing and spike 
differentiation, it is not long before alt stems on the plant follow in 
rapid succession. An examination of a plant in head shows even the 
growing point of the tiller buds to be in the process of spikelet differ- 
entiation. 

Very early differences in the time of differentiation and rate of 
spikelet development are maintained and are reflected in the mature 
spike. Referring to plate 1, D, E, and F, the early differences will be 
noted. The spikelets in the middle of the spike are in advance of the 
basal spikelets and the basal spikelets are in advance of the tip, which 
is the last portion of the spike to differentiate. The central spikelets 
are more advanced in development than the side spikelets in both the 
2-row and 6-row types. AU of these differences are reflected in the 
mature spike. The best developed and heaviest kernels are in the 
middle portion of the spike, the basal kernels next, and the tip ker- 
nels are the lightest of all. The kernels in the central spikelets of 
the 6-row barley are heavier than those in the side spikelets. While 
the spikelets progressively develop at the tip of the spike, the spikelets 
remain rudimentary and do not bear kernels. Thus those spikelets 
that have an initial advantage in differentiation maintain this advan- 
tage throughout spike development. 

Since the number of spikelets at the joints of the rachis is fixed, 
response to the environment during early differentiation takes place 
principally at the tip of the spike. The barley spike is an indeter- 
minate inflorescence and does not terminate in a single spikelet as in 
wheat. ‘Within limits a certain amoimt of response to ^owth con- 
ditions is made at the tip of the barley spike in the numb^er of fertile 
spikelets. Some response can be made at the base of the spike, but 
the capacity for responding at this point is much more limited. 

Although the lemma differentiates before the awn, the awn grows 
more rapidly. It is not until well along in the development of the 
spikelet that the lemma and palea become long enough to enclose the 
anthers and other flower parts. A possible explanation for this be- 
havior is suggested by Kennedy *, wno states that in the spikelet the 
awn corresponds to the leaf blade and that part of the glume below 
the insertion of the awn may be regarded as corresponding to the 
sheath of the leaf. He also states that of the three parts of the leaf 
the sheath develops last by intercala^ growth which pushes up the 
blade. If the leaf parts and the spili^telb parts are homologous as 
stated, then the slow growth of the lemma is in accord with develop- 
ment of the leaf sheath. 

Up to the time that the anthers begin to differentiate, so far as the 


* P. B. THE STRUCTURES OF THE CARTOFSIS OF OBASSES WITH REFERENCE TO THEIR VOEPROt- 

ooy AND ctASsiwcATioN, U, 8. Dspt. Agn, Agrostology Bui. 19, 44 pp,. Ulus. 1899. 
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varieties used were concerned, no difference could be noted between 
a spike of a 2-row and a spike of a 6-row barley. As development con- 
tinues the discrepancy in the development of the central and side 
spikelets of the 2-row barley becomes more apparent. The side 
spikelets develop very slowly, remain rudimentary without awns and 
infertile. On the other hand, while the side spikelets of the 6-row 
barley are alwajre slower in development than the central spikelets, 
they finally attain nearly the same size, have awns, and are fertile. 

SUMMARY 

A study was made of the morphological development of the spike 
of a 2-row and a 6-row barley by dissecting the growing points from 
the stems. Photomicrograph of the various stages are shown. 

Stem development from germination to pollination can be divided 
into two nhases in each of which the growth response of the stem and 
growing point are different. In the first phase the intemodes of the 
stem remain short, the growing point produces only leaf initials, and 
the undifferentiated portion of the growing point elongates. The 
beginning of the second phase is marked by the elongation of the 
intemodes of the stem and the appearance of double ridges on the 
growing point. In the second phase Uie intemodes of the stem 
elongate and the ^ike and its parts differentiate and develop. 

The order of differentiation of the various parts of the spike as far 
as could be seen in this study are: Spikelet initials, empty glumes, 
leiuma, palea, anthers, awn, and pistil. 

Early differences in the time and rate of differentiation of the 
spikelets in the different parts of the spike are m^tained and account 
for some of the variation in size among the .spikelets of the mature 
spike. 

The barley spike is an indeterminate inflorescence, and with the 
number of spikelets at each joint of the rachis limited, some response 
to the environment can be made in the munber of fertile spikelets at 
the tip of the spike. 




THE SEQUENCE OP APPEARANCE, MOLT, AND REPLACE- 
MENT OF THE JUVENILE REMIGES OF SOME DOMESTIC 
BIRDS* 


By D. C. Wabrien, poultry geneticist, and C. D. Gordon, graduate assistant, 
Kansas Agricultural Experiment Station 


PREVIOUS STUDIES 

Interest in the problem discussed in this paper was first aroused 
in the authors by the occurrence of a heritable variation influencing 
the time of development of some of the remiges (flight feathers) in a 
flock of White Leghorns. A comparison of the sequence of appear- 
ance of the remiges in the chick of a normal and mutant stock (known 
as “retarded”) led to findings regarding the order of appearance and 
the nuinber of molts of these flight feathers which were not in agree- 
ment with previous reo/ords foimd in the literature. While this work 
was in progress Dunn and Landauer (I)^ gave a detailed account of 
the sequence of replacement of the juvenile remiges in the Silver 
Spangled Hamburg fowl which the writers were able to confirm 
in studies on White Leghorns. A brief abstract of the data on 
the sequence of molt of the remiges in White Leghorns has been 
published (S). 

The observations were later extended to other domestic birds to 
determine whether the regular manner of molt with respect to the 
members of the GaUus group but irregular with respect to the position 
of the feathers was found in other genera. 

The work of Dwight (2) and Heinroth (S) indicate that some 
variability occurs in the sequence of molt of the secondaiy flight 
feathers of different species of passerine birds. Stone (7) also found 
a considerable lack of agreement among smaller land birds as to the 
order of molt of the flight feathers. The description by Rice, Nixon, 
and Rogers (6) of the sequence and mmber of molts of the remiges 
in White Leghorns does not agree with the writers’ findings. It 
should be kept in mind that most of the observations cited on molt 
in wild birds were made on adults, whereas the present study is con- 
cerned primarily with the juvenile condition. The writers’ studies 
indicate that the sequence of molt in gallinaceous birds differs some- 
what in the juvenile cenditioa from that reported bjr Marble (4) for 
the adult of OaUm domesticus. Marble (5) found it impossible to 
forecast the age at sexual maturity in White Leghorn females by the 
development of the primary wing feathers at 8 weeks of age. 


METHODS AND MATERIAL 


All of the species used in this study were a part of the stock earned 
at the Kansas Agricultural Experiment Station. As is indicated m 
the tabular data, the intervals between observations on the Mouence 
of appearance and dropping of the remiges were varied in the different 
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foms. As experience vras gained the interval could be lengthened 
with leas danger of confusion between new and old feature. The 
use of dyes on the tii)8 of the remiges aided in the recognition of the 
various molts. This is especially desirable in the early adult stage 
when members of three different sets of remiges may be present at 
one time. 

In identifying the various remiges they were numbered anteriorly 
in the primaries and posteriorly in the secondaries. The writers have 
fddowed the lead of the poultrymen and called the first feather 

K sterior to the primaries the an^ rather than the first secondary. 

i small size and distinctive behavior in time of appearance and molt 
would seem to justify placing it in a separate cate^ry. Since the 
secondaries appep irreg^arly there may be some difficulty for one 
inexperienced in identifying the different remiges. However, a close 
examination of the skin in which the remiges occur will usually solve 
the problem since the irregularly appearing arial and secondary no. 1 
may be seen while yet embedded m the skin. The determination 
of the position of these two feathers wiU usually make it possible to 
identify accurately the other feathers at an early stage. 

NUMBER OF REMIGES 

In the various species studied the number of primaries was more 
constant than that of the secondaries. The forms studied — Single 
Comb White Leghorn, Single Comb Rhode Island Red, ^d Light 
Brahma chickens (OaUus domesticus); Pearl guineas (Numida rtmea- 
gris)] and Bronze turkeys (Meleagris gallopavo ) — all showed 10 for 
the normal number of primaries. An extra primary was occasionally 
found id the various breeds of chickens observed. The ele vends 
primaiy occurred more frequently in the light Brahmas and Rhode 
Island Reds than in the White Leghorns. 

There was considerable variabuity in the number of secondaries 
both among breeds and individuals of a breed. The more usual 
n^ber in White Leghorns was 14, in Rhode Island Reds 15, in 
Light Brahmas 16, in ^ineas 14, and in turkeys 16. The inner few 
secondaries were so reduced in size that they were not sharply differ- 
entiated from the tertiaries. In most cases data were taken only 
on the first 12 secondaries. 

SEQUENCE OF EMERGENCE AND MOLT OF REMIGES 

SINGLE COMB WHITE LEGHORN 

The most extensive observations were made on Single Comb White 
Leghorns. Figure 1 shows the outline of the wing of an adult 
White Leghorn female indicating the numbers by which the remiges 
were Identified in this study. Primaries nos. 1 to 7 and secondams 
nos. 2 to 8 were usually present at hatching. Although they had 
grown several millimeters m length at time of hatching these feathers 
remained in their enclosing sheaths for several days. Progressing 
anteriorly in the primaries and posteriorly in the secondaries the 
new feathers appeared regularly as the chick aged. The axial and 
secondaiy no. 1 appeared late and there was considerable variability 
^ong individuala as to the age at which th^ feathers grew out.. 
Figure 2 presents in graphic form the record of the mean age at which 



Sept. 1, mi Sequence of Jueenile Rernvges of Some Domestic Birds 461 


the various rentes appeared and molted. Since the molted feathers 
were replaced immediately no distinction was made between time 
of molt wd replacement. 

The primaries which were not present at time of hatching appeared 
in very regular order at 10- to 14-day intervals. The intervals , 
between appearance of the successive inner secondaries (nos. 
8 to 12) were less uniform but the sequence was regular. The 
secondary no. 1 did not appear until the chick was about 2 weeks of 
age or not until the approximate time of the appearance of the tenth 
secondary and eighth primary. The axial feather did not emOTge 
from the skin until about 4 weeks of age. This was the approximate 
time at which the twelfth secondary and the ninth prunary ap- 
peared. ■ It will be noted from figure 2 that the axial appeared only 
slightly before the first primary (no. 1) was molted. 



FiavRE l.~Wing of a White Leghorn female showing system of numbering for the identification of the 
remiges. Only 12 secondaries are shown in this drawing. 


The First Molt 

Beginning with feather no. 1, molt in the primaries progressed 
anteriorly in a very regular oirder. The secondaries were also molted 
in exactly the same order in which they appeared, beginning with 
no. 2 and being dropped in a regular manner from the outside in, or 
in the reverse order of the primaries. The secondary no. 1 and the 
axial were dropped at a much later date. , 

In practically all instances the corresponding flight feathers m the 
females appeared at a slightly earlier age than did those of the males. 
This was true of the molting of the remiges as well as of the time of 
their appearance. Since the number of secondaries was somewhat 
variable the observation on growth and molt included only feath^ 
numbered 1 to 12. It is of interest to note from figure 2 that the 
time of emergence of the secondary no. 1 and the axial form a straight 
line with the series of the second set of primary feathers, the second- 
ary no* 1 being at the top of the line and the primary no. 10 at the 
bottom. The same relationship was observed to hold between the 
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second secondary no. 1 and axial feather and the third set of pri- 
maries: It is not known whether this agreement of the behavior of 
these two feathers and the group of primaries has any significance. 

SXQUBNCB or JUVBNII.B AND AdULT MotT 

MfU'ble (4) has published a detailed account of the order of molt 
of the remiges in the adult fowl. In some respects there are close 
agi^ments of conditions found in the adult and the growing chick, 
while in other jphases there is a rather wide divergence in sequence 
of molt. The first chick molt and the adult molt following a period 
of production agree in retention of the axial and secondaiy no. 1 imtil 



FiQURx 2.-<«Age at emergence and at molt of each remex of the White lieghom. The upper outline of the 
graph indicates the age at which the remiges emerged. Those shown on the zero line were present at 
hatching. The lower gradations (diagonally lined) record the age at the time of molt of the reihlges. 
The solid line is for females and the broken line for males. The space between the two Solid or the 
two broken lines (of upper and lower graph) measures the period over which the feather was held 
before being molted. 


the molt of the primaries and remaining secondaries is practically 
complete . There is a disagreement in that the inner small secondaries 
are the first to be molted in the adult while they are the last of the 
series of secondaries to be dropped by the chick. In both the chick 
and adult the usual procedure in the primaries is for them to be molted 
in regular order, begging with the one (no. 1) adjoining the axial. 

In a group of inmviduals of any one breed there was close agree- 
ment as to the age at which the various primaries and secondaries 
wpcared and were dropped. This fact is well brought out in table .1. 
The data for the entire group of White Leghorns, pre^nted in tMs 
table, sho^ that the limits of time over which they varied in molting 
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any one flight feather seldom exceeded 2 weeks and that most of the 
feathers were dropped within the period of a week. The greatest 
variability occurred in the late-appearing axial, secondary no. 1, 
the smaller inner secondaries, and the tenth primary. The original 
tenth primary was frequently carried througnout much of the first 
adult year. Such birds can be recogmzed by the narrow, pointed," 
and much-curved appearance of this juvenile feather in the wing. 
Marble (5) reported that pullets carrying the original tenth primary 
over into the first laying year showed a tendency to mature at an 
early age. 


Table 1.^ — Age distribution for the emergence and molt of remiges in 15 White 

Leghorn females 



The Second Molt 

Til Wliite Ijeghorns the usual procedure was for only one complete 
molt of the flight feathers to take place before sexual maturity was 
reached. In some cases the first molt was not complete at maturity 
because of the carnr-over of the original outer primary. In practically 
all males examined and in some females there occurred a second molt. 
This molt was usually started at about 5 or 6 months of age. The 
sequence was identical with that of the earlier molt beginning at 
primary no. 1 and secondary no. 2, progressing outward in the pri- 
maries and inward in the secondaries. As in the preceding molt, the 
first primary to be dropped was released a little before the first 
secondary. In a group of 23 White Leghorn males studied, primary 
no. 1 was dropped in the second molt at the mean age of 23 weeks, 
secondaiy no. 2 at 27 weeks, primary no. 2 at 28 weeks, secondary 
no. 3 at 30 weeks, secondary no. 4 at 32 weeks, secondary no. 5 and 
primary no. 3 at 34 weeks, secondary no. 6 at 37 weeks, s^ondary 
nos. 7 and 8 at 39 weeks, and primary no. 4 at 40 weeks. Obserya- 
tTons were discontinued at this age. Observations regarding the 
second molt were carried out on only a few fe^les, but up ^ 36 
weeks the nqiolt had progressed as far as the fifth primary and. vhe 
eighth secondaiy in some birds. The females were laying throughout 
this molt. In another group of 16 White Leghorns the second molt 
was started at 25 weeks of age, but the females showed no evidence 
of this molt at the termination of the observation when 34 weeks 
of age. 

32605—86 6 
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RHODE ISLAND REDS 

As is seen from figure 3, tlie general sequence of emergence and 
molt of the remiges in Rhode Island Reds was very similar to that 
in White Leghorns. However, there were fewer flight feathers pre^ 
ent at hatchuu than in White Leghorns and considerabley more vari- 
ability as to the age at wliieh the missing feathers appeared. Com- 
parisons of the time of emergence and molt of the remiges in the 
various breeds and species studied are shown in table 2. The rec- 
ords on the 20 Rhode Island Reds were taken at 1 day and at 2, 4, 
6, 8, 12, 16, 20, and 24 weeks. In the slower feathering individuals 



Figure 3.— Age at emergence and at molt of each remex of the Kbode Island Reds. The upper outline of 
the graph indicates the age at which the remiges emerged. Those shown on the zero line were pre.sent 
at batching. The lower ^adations (diagonally lined) record the age at the time of molt of the remiges. 
The solid line is for females and the broken line for males. The space between the two solid or the two 
broken lines (of upper and lower graph) measures the period over which the feather was held before being 
molted. 


of the Rhode Island Reds and Light Brahmas the covert feathers 
appear before the remiges and may cause some confusion as to time 
of appearance of remiges. The first molt, although following the 
same order as in White Leghorns, was started and completed when 
the birds were about 6 weeks older. In no case had the axial molted 
at 6 months of age, and in several birds the original secondary no. 1 
had not molted at this age, which was near sexual maturity. Both 
prunary nos. 9 and 10 were the original feathers in most of the inales 
at 6 months of age. 
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Tablx 2.— Comparison of several breeds and species of domestic birds in respect to 
the age at which the first rerniges appeared 




White Inborn’ 

Kho<le Island Re<l ® 

Feather no. 


— 

— 





Female 

Male 

Female 

Male 

Primaries: 






1 - - 

- - 

1 0 day 

1.0 day 

1.0 day 

1 .0 day 

2 . . 



1.0 day 

1.0 day 

1.0 day 

1.0 day 

8 - - 

... 

1.0 day 

1.0 day 

1.0 day 

1.0 day 

4 


1.0 day 

1.0 day 

1.0 day 

1.0 day 

5.. - 

. 

1.0 day 

1.0 day 

1 0 day 

.2 weeks 

6 . . _ 



1.0 day 

1.0 day 

.5 weeks 

.8 weeks 

7 - -- 


1 .0 day 

1.0 day 

2.8 weeks 

2.5 weeks 

8 - - 


2.0 weeks 

2.0 weeks 

2.8 weeks 

3.0 weeks 

9 - 

_ 

4.0 weeks 

3.8 weeks 

5.3 weeks 

6.0 weeks 

10 - - . 


5.3 weeks 

6.0 weeks 

8.3 weeks 

8.9 weeks 

Secondaries: 






Axial - 


4.0 weeks 

4.3 weeks 

6.5 weeks 

7.2 weeks 

I - - 


2.0 weeks 

2 0 weeks 

3.0 weeks 

3 7 weeks 

2 . _ . , - - - 

. 

1.0 day 

1.0 day 

.3 weeks 

.8 weeks 




1.0 day 

1 Oday 

1.0 day 

1.0 day 

4, - - - 


1.0 day 

1.0 day 

1.0 day 

.2 weeks 

.ft .. 

. - 

1.0 day 

1 0 day 

1.0 day 

.3 weeks 

6 


1.0 day 

1.0 day 

.5 weeks 

.5 weeks 

7 * - 


1.0 day 

1.0 day 

1.5 weeks 

1.8 weeks 

8 - . 


1.0 day 

1.0 day 

3.0 weeks 

2 7 weeks 

9 . - - 


.4 weeks 

1.0 weeks 

3.0 weeks 

3.8 weeks 

10 - 


1 .9 weeks 

1 8 weeks 

4.0 weeks 

5.2 weeks 

11 


2.0 weeks 

2.0 weeks 

4.5 weeks 

6.5 weeks 

12 .... . 


3.9 weeks 

4.0 weeks 

5.5 weeks 

9.8 weeks 


T/ight Brahma’ 

Bron/e 

Pearl guinea ® 

Feather no. 



turkey,* 





females 




Female ® 

Male ® 

and males ® 

Female ® 

Male® 

Primaries* 






1 

(‘^) 

D 

CM 

CM 

CM 

2 

(?) 

CM 

CM 

CM 

CM 

:i * . . 

r) 

CM 

CM 

CM 

CM 

1 

(’) 

CM 

(?) 

CM 

(?) 

ft 

n 

CM 

(?) 

(?) 

CM 

6 

(?) 

CM 

(M 

(?) 

(‘M 

7 . , ' 

2 6 weeks 

3.8 weeks 

(?) 

(?) 

(?) 

« . .. 

4 0 weeks 

6 1 weeks 

(?) 

3 6 weeks 

3.7 weeks 

9 - 

ft. 2 weeks 

6.8 weeks 

5.9 weeks 

4 0 weeks 

4.2 weeks 

10 - - 

8.0 weeks 

10.9 weeks 

7.7 weeks 

6.0 weeks 

6.0 weeks 

Secondaries: 






Axial 

6.2 weeks 

6 0 weeks 

5.0 weeks 

4.0 weeks 

4.0 weeks 

1 

4 6 weeks 

4.7 weeks 

4.0 weeks 

(?) 

(?) 

2 

2.4 weeks 

2 9 weeks 

(?) 

(?) 

(?) 

3 -- . - 

(?) 

2.9 weeks 

(?) 

(M 

(?) 

4 

(?) 

2.7 weeks 

(?) 

(?) 

(?) 

6.. 

(?) 

(?) 

(?) 

(?) 

(?) 

6 

r (?) 

(?) 

(?) 


(?) 

7-- 

C) 

(?) 

CM 

(?) 

(?) 

8 . ....... 

2.4 weeks 

3.1 weeks 

(M 

(?) 

(?) 

9 .... - . -- 

2.8 weeks 

3.8 weeks 

(?) 

(?) 

,p ^ 

10 

4 0 weeks 

4.0 weeks 

(?) 

1.5 weeks 

1.5 weeks 

11 . . .. - --- . 

4.0 weeks 

4.0 weeks 

(?) 

2.0 weeks 

3.1 weeks 

12 - 

4.4 weeks 

5.6 weeks 

(?) 

4.0 weeks 

4.2 weeks 


^ White Leghorns examined at 1 day of age and at 2-week intervals theiwfter to 24 weeks. 

* Rhode Island Reds examined at l day of age and at 2-week intervals to 8 weeks and at 4-week intervals 
Ihcfoftftor to S'! ivooks 

* Light Brahmas examined at 2-week intervals to 8 weeks and at 4-week intervals thereafter to 24 weeks. 

* Turkeys examined at 4, 6, 8, and 12 weeks of age. 

* Guineas examined at L 4, 6, 8, and 12 weeks of age. * . tnim in the 

•Tto Interrogation marks Indicate that the leather wm present at i wm^oI are 

guinea females primaries nos. I to ft were pnwent when the first examination was made at 1 week o ge, 
but it is not known exactly when they emerged. 


UGHT BRAHMAS 


Twenty •one Light Brahmas were examined for the development of 
the remues at 2, 4, 6, 8, 12, 16, 20, and 24 weeks of age. The 
females developed their various primaries at about the same age as 
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the Rhode Island Rede, but the Brahiha males were slightly later in 
the development of th^e feathers than were the Reds. The second- 
aries developed veiy similarly in the Rhode Island Reds and Light 
Brahmas up to about the tenth feather. From the tenth secondary 
on the appearance of the successive feathers was much earlier in Ihe 
Brahmas than in the Rhode Island Reds. This same tendency was 
observed in the first molt. The Light Brahma malra showed little 
molt of the secondaries until the twentieth week at which time second- 
aries nos. 2 to 10 were found to be molted. In the Light Brahmas 
the tendency for several secondaries to be molted at one time was 
much more noticeable than in the other breeds of fowl examined. As 
in the case of the Rhode Island Reds, all Light Brahmas retained 
the original no. 10 primaiy at 24 weeks of age. This was also true 
of the axial in all males and most of the females. 

GUINBAS 

Twenty guineas were examined for development of the remiges at 
1, 4, 6, 8, and 12 weeks of age. For number of remiges present at 
hatching and age of ai)pearance of the additional ones, the guineas 
were similar to the White Leghorns (table 2). The firet 7 primaries 
and 10 secondaries were present at the first examination made at 1 
week of age. The observations were not made over so long a period 
as in the breeds of chickens, but the data were sufficient to indicate 
that the sequence and rate of molt was comparable to that in White 
Leghorns. In figure 4 are given the data for comparison of rate and 
sequence of molt in the various species studied. The failure of the 
axial and secondary no. 1 to appear and molt in order with the con- 
tiguous feathers was observed here as was the case in the three breeds 
of chickens studied. The remiges of the female guineas appeared and 
molted slightly ahead of those of the males, as was true of the breeds 
of cliickens observed. 

TURKEYS 

Observations were made on 18 turkeys at 4, 6, 8, and 12 weeks. 
The data secured provided little information as to the time of appear- 
ance of many of the remiges, but a comparison of those present at 4 
weeks of age showed that they must have appeared at about the same 
age as did those of the White Leghorns and guineas. Here again the 
axial and secondary no. 1 appewed much later than the adjoining 
secondaries, indicating that this irregularity is characteristic ol many 
gallinaceous birds. A comparison of the age at which the remiges 
emerged is found in table 2. In some forms records were not taken 
at hatching and the Interrogation marks indicate that the feather was 
present at the first examination. In figure 4 is a comparison of the 
time of first molt for the various remiges. In making the comparison 
note should be made of the differences in age at the last exammation 
in the different species. The graphs for the turkeys and guineas 
represent only the upper segment of the ones for the different breeds 

MOLT OP EXTRA REMIGES 

It is of interest to consider the time of appearance and molt of the 
supernumerary remiges in the birds studied. The number of second- 
anes was somewhat variable and it was difficult to say what were extra 
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feathers in this group. It is true, however, that beginning with the 
secondary no. 2, feathers of this group were dropped in a regular 
order from the outside in, so any supernumerary feathers were dropped 
following the regular series. 



Figure 4.-Comt»rlson ot the age at, and sequence of, molt of the remi ges }■> 
birds. Note that observations cover a much longer iieriod In some * 

graphs include only sections of the data given in others. Data are for mean of the two sexes. 


In the case of the primaries the number seemed to be well established 
at 10. An occasional bird in all three breeds of chickens studied had 
11. The eleventh feather always emei^ed after the tenth and was 
molted in the same order. 



468 Journal of Agriculiural Research voi. si, no h 

TIME OP MOLT AND RATE OF FEATHER GROWTH 

Tliere is little known as to the causal factors for molt in adults and 
the same is true of the juvenile molts. It is noted that although there 
are several primaries and secondaries present at time of hatching 
these feathers are not dropped at the same time. They are molted 
in a fixed and regular sequence. Those remiges appearing after 
hatching are molted in the same order in which they appear. This 
might indicate that the order of molt of the feathers present at hatch- 
ing bears some relation to the sequence of their development in the 
embryo. 

In order to determine whether a feather is molted after reaching a 
definite age, calculation was made of the period over which each of 
the oririnal remises was held. Since several feathers were present 
at hatcmng and since these feathers were molted in order with rela- 
tion to position it would be expected that for those feathers present 
at hatching there would be a gradual increase in time held. Some 
idea of the relative periods over which the different remiges were 
held is gained by an examination of figure 2. The upper clear portion 
of each column indicates the length of period over which each original 
feather was held. The upper horizontal line marks the time of 
emergence and the lower one the time of molt. From table 3 it 
is seen that for primaries 1 to 7 and secondaries 2 to 8 the period 
increased by about 1 week for each successive feather in White 
Leghorns. Those appearing irregularly were found to vary con- 
siderably in period over which they were held, and the period was 
somewhat longer than for the other feathers Those feathers which 
were moiled regularly and which appeared after hatching were 
held for about 12 weeks in the females and slightly longer in the 
males. 

The growth rate of the various remiges is of interest in view of the 
variation in age at which they appear and in relative length in the 
adult. Table 4 gives the length of each remex (first set) at 3 weeks 
after it appeared. The age at which the various remex lengths were 
recorded varied, depending on the age at which the feather appeared. 
The mean lengths are for the respective feathers in 11 female and S 
male White Leghorns. Measurements were taken at weekly intervals, 
but the data in table 4 are the means for the third (weekly) record. 
The number of feathers measured was not large enough to supply very 
conclusive results. Nevertheless, the data indicate that the rate 
of growth of the feathers bears no relationship to the time at which 
they emerge. There is some tendency toward an agreement between 
the position and rate of growth of the secondaries. Beginning 
with the axial feather, there is a somewhat regular decrease in rate 
of growth if we exclude the twelfth feather. An examination of 
figure 1 shows no correspondence between the adult length of the 
feather and its rate of growth. In considering the results in table 4, 
it should be kept in mind that secondary no. 1 does not appear until 
about the time that secondary no. 10 appears, and that the axial 
feather emerges along with the twelfth secondary. Secondaries 7 
to 11 averaged somewhat shorter than the others after 3 weeks' 
growth. The axial and secondary no. 1 in both males and females 
showed considerably more rapid growth than did other remiges and 
these feathers were also considerably delayed in appearing. 
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Tablr 3 . — Period (weeks) between enurgenee and molt of the first set of remiges in 

White Leghorns 



Female 

Male 

Feather no. 

— 





Prinia- 

Second- 

Prima- 

Second- 


ries 

aries 

ries 

aries 

Axial 


13.7 


20.0 

1 

6.0 

12.3 

6.3 

13.8 

2 

7.9 

8.1 

8.0 

8.3 

3— 

9.3 

8.9 

9.5 

9.3 

4 

10.4 

10.1 

10.8 

10.3 

5 

11.7 

10.9 

12.3 

11 3 

6 

13.1 

11.5 

13 5 

12.3 


i 

Feal her no 

Female 

Male 

Prima- 

ries 

Second- 

aries 

Prima- 

ries 

SefODia- 

aries 

7 

14.4 

14.3 

14.3 

16.1 

12.4 

13. 1 

13.2 
12.1 
12.7 
12.6 

16.5 

16.3 
18.0 

19.3 

13.0 

14.0 
13.8 

14.2 
14.5 

14.3 

8 

9 

10 

11 

12 






Table 4. — Comparison of lengths (millimeters) of remiges at the end of the first 3 
weeks of growth in White Leghorns 




Length of primary no.- 

. 


Length 

of 



Length of secondary no.— 



Sex and chick 













































no. 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

a.Yial 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

-- -- 

— 



— 

. _. 

— 

— 

— 

— 

— 

— 

— 

. ... 

— 


. 

— 


• — 

— 

. — 

— 

— 

Female- 
























923 

69 

73 


78 

85 

87 

87 

83 

78 

1 66 

1 02 

78 

72 

74 

74 

74 

73 

7(J 

62 

63 

67 

71 

73 

924 

66 

75 

63 

64 

68 

72 

74 

73 

70 

) 60 

i 87 

76 

65 

64 

63 

60 

61 

60 

57 

58 

55 

60 

72 

927 

69 

81 

fW 

69 

75 

75 

78 

78 

75 

68 

99 

00 

68 

68 

67 

65 

66 

01 

56 

58 

49 

58 


928 

78 

89 

66 

75 

82 

85 

83 

82 


78 

86 

95 

74 

73 

72 

73 

71 

67 

54 

58 

58 

68 

74 

929 

78 

88 


75 

81 

83 

83 

83 

78 

76 

90 

93 

73 

73 

73 

70 

70 

68 

63 

58 

58 

64 

52 

930 

66 

80 

(W 

71 

75 

76 

77 

77 

76 

68 

88 

89 

68 

68 

68 

67 

67 

63 

60 

63 

63 

61 

84 

935 

75 

84 

71 

76 

84 

85 

85 


82 

75 

78 

94 

76 

75 


73 

71 

70 

65 

60 

64 

54 

70 

937 

70 

80 

66 

68 

76 

73 

77 

77 

73 

68 

80 

82 

66 

66 

65 

64 

64 

60 

56 

50 

65 

60 

60 

943 

80 

70 


74 

77 

80 

80 

80 

§2 

70 

86 

78 

70 

70 

68 

69 

68 

64 

63 

60 

64 

66 

66 

944 

81 

68 


74 

80 

82 

81 

80 

77 

67 

75 

81 

73 

72 

71 

71 

69; 

R5 

64 

58 

61 

71 

70 

945-. .... . 


74 


62 

70 

70 

70 

71 

1 68 

55 

72 

77 

63 

62 

60 

1 57 

58 

55 

50 

45 

47 

1 48 

66 

Mean . 

73 

78 

66 

71 

78 

79 

80 

1 78 

76| 

1 68 

85 

' 82 

70 

70 

' 68 

68 

67 

64 

1 59 

66 

58 

60 

69 

Male* 

922 

71 

83 

68 


78 

79 

77 

78 

74 

65 

91 

96 

67 

07 

69 

68 

67 

65 

62 

55 

64 

50 

72 

931. . 

75 

65 

71 

'75 

83 

83 

.83 

.82 

77 

74 

95 

77 

75 

77 

78 

74 

72 

70 

70 

62 

62 

67 

66 

932 

87 

74 


77 

84 

84 

84 

82 

80 

71 

102 

70 

73 

76 

73 

73 

73 

71 

68 

62 

68 

72 

74 

933.... 

77 

61 

88 

75 

82 

86 

85 

85 

82 

85 

95 

90 

72 

72 

70 


62 

60 

63 

73 

62 

62 



934 

70 

59 

86 

71 

76 

81 

82 

82 

80 

72 

85 

87 

70 

70 

68 

67 

58 

62 

67 

70 

57 

61 

66 

938 


88 

62 

52 

63 

63 

67 

69 

66 

60 

96 

92 

79 

57 

53 


48 

45 

38 

30 



65 




48 

*48 

’72 

941.. 


72 

78 

63 

68 

71 

73 

69 

68 

66 


72 

62 

62 

03 

62 

58 

56 

38 

72 

946 



65 

76 

82 

83 

83 

83 

82 

74 



74 

74 

74 

72 

71 

67 

65 

55 

59 



Mean 

76 

72 

74 

70 

77 

79 

79 

79 

76 

70 

94 

85 

72 

69 

ooj 

69 

64 

62 

59 

56 

60 

62 

69 


SUMMARY 

Tliree breeds of ehickens (White Leghorn, Rhode Island Red, and 
Light Brahma), guineas, and turkeys all agree in having several 

E rimaries and secondaries present at hatching. In the White Leg- 
orns, turkeys, and guineas more feathers were present at hatching 
and the missing feathers appeared earlier than in the Rhode Island 

Reds and Light Brahmas. i i. , j • 

The irregular sequence of emergence and molt of the secondaries 
was found to be characteristic of all species of domestic birds examined. 

One complete molt of the remiges usually took place during 
but frequently the original primary no. 10 was carried unmolted by 

the sexually mature chicken. . • i 

A second molt, following the same sequence as the onginal one, was 
observed in some chickens when they approached sexual maturity. 
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There was considerable difference in period of time over which the 
various remiges were held before being molted. 
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MACROSPOROGENESIS AND EMBRYOLOGY OF 
MEDICAGO ' 

Hy D. C. Cooper 

Research associate, DeparlmerUs of Botany and Genetics, Wisconsin Agricidturcd 

Experiment Station 

INTRODUCTION 

Thw study of the macrosporogenesis and embryology of alfalfa 
(Medicago saiioa L.) is preliminary to an investigation of the causes 
of the failure of seed setting in certain strains of this species. Reeves 
{ISY gave a detailed account of microsporogenesis and traced the 
development of the ovule and of the embryo sac (I^)- He did not 
give the details of macrosporogenesis and did not continue the study 
through fertiliiSation and the development of the embryo. Martin 
(//) described stages in the development of the embryo sac of alfalfa 
and compared these with corresponding stages in other Leguminosae. 
Ghimpu (7), Kawakami {10), Tschechow {17), Reeves {13), and 
Fryer {G) have reported the chromosome number of M. saliva as 
n==16, 2w=32. 

MATERIAL AND METHODS 

The material for this investigation was collected from plants 
growing in the greenhouses of the Department of Genetics, Wiscon- 
sin Agricultural Expermient Station, during the late winters and 
early springs of 1932-34. These plants were producing an abundant 
crop of seed. For comparative purposes, material of seven other 
species of Medicago — M. hemicycla, M. glutinosa, M. jalcala, M. 
platycarpa, M. ruthenica, M. lupulina, and M. dzavMkhetica — was 
also collected. The first three have the same chromosome number 
as M. saliva and the remainder have half that number. Buds, young 
flowers, and fruits of various ages were placed in the following fixa- 
tives: La Cour’s, Licent's, and Karpechenko ’s modification of Naya- 
shin ’s fluid. The best preparations were obtained from the material 
fixed in the two fixatives last named. 


OBSERVATIONS 


MACROSPOROGENESIS 

Each ovule of Medicago saliva contains usually 2 or 3 primary 
sporoMnous cells. These lie, in most instances, side by side in the 
nucelhis (pi. 1, A), but occasionally they are end to end, appearing 
as a tetrad much as was describea by Reeves (14); The prim^ 
sporogenous cells are easily identified by their large size and peculiar 
staining properties. They become more or less deeply embedded in 
the nucellus in consequence of some further division of the cells of 
the hypodermal layer. The presence of more than one sporogenous 

> Reoeived tor publication Mar. 26, 1935; Issued December, 1936. Paper from the Departments of Botany 
and (Genetics (no. 186), Wisconsin AKrioultural Experiment Station. 
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cell in M, saiiva was noted by Martin {11) and by Reeves (i^)- The 
members of this genus vary in this respect. Guignard {9) found a 
single sporogenous cell in M, arhorea, Corti (4) foimd a like con- 
dition in M. Impida and M. arabica, although occasionally more than 
one primary sporogenous cell was seen. There are usually two or 
more sporogenous cells in M. dzawakhetica^ M, j^cata, ili. glutinosa, 
and M. hemicycla. One such cell is the rule in M. lupvlina, M, 
platycarpa, and M. ruthenica^ although in an occasional ovule two or 
more sporogenous cells are present. 

The primary sporogenous cell functions as the macrospore mother 
cell without further division. It increases in size until it is about 
three times as long as broad. While the nucleus of the spore mother 
cell is passing through the early stages of the heterotypic division 
(pi. 1, jB, (7), the cytoplasm remains finely vacuolate. As meiosis 
progresses the cytoplasm at the ends of the cell becomes more 
vacuolate, and a dense zone surrounds the heterotypic and later the 
homeotypic spindles (pi. 1, D-G), The 16 pairs of chromosomes as 
seen at the multipolar spindle stage (pi. 1 , C) and on both the hetero- 
typic and homeotypic equatorial plates vary in size and shape. One 
pair is particularly prominent because of its large size. After the 
completion of the heterotypic division, a cell jilate is formed and the 
macrospore mother cell is divided in such a manner that the chalazal 
daughter cell is about twice as large as the micropylar cell. 

The axis of the homeotypic spindle in the chalazal cell is usually 
longitudinal, whereas the spindle in the micropylar cell mav be 
transverse (pi. 1, Fj G). In some instances they are formed simul- 
taneously, in others the nuclear division in the chalazal cell either 
precedes or follows that in the sister cell (pi. 1, /t, FI), Occasional 
figures show an abortive equatorial plate in a micropylar cell which 
has already begun to disintegrate. Probably the occasionally ob- 
served row of 3 instead of 4 macrospores arises in this way. Most 
observers have found a linear row of 4 macrospores in the Legumi- 
nosae. In a few species, however, a row of 3 macrospores has been 
described. Guignard {8j 0) noted the formation of only 3 in Phmeolun 
multifiorus and in Medicayo arborea, Weinstein (/.9) found the 
presence of 3 macrosporc's to be typical of P, vulgaris. This was 
brought about as the result of an abortive homeotypic division in the 
micropylar cell. 

The spore mother cell, or in some instances more than one of the 
spore mother cells, of the apical ovule passes through these divisions 
first; corresponding divisions follow successively toward the base of 
the ovary. Microsporogenesis likewise is initiated in those stamens 
at the apex of the bud and gradually advances toward its base. 
Thus microsporc tetrads may be found in stamens in the apical region 
of the bud, heterotypic spindles being present at the same time in 
the more basal stamens. In a few instances heterotypic spindles 
were found in apical ovules of buds in which the anthers at the apex 
contained microspore tetrads. Close examination revealed the 
presence of a tetrad of macrospores in the ovule as well as a spore 
mother cell bearing a heterotypic spindle, indicating that macro- 
sporogenesis may lag in some of the sporogenous cells. 

In numerous cases 2 or more tetrads are formed in a single ovule 
(pi. 1, /), and a few ovules were observed to contain 2 well-developed 
gametophytes. The chalazal macrospore of the row of 3 or 4 becomes 




stage, X 1,366; D, same as Cat early equatorial-plate stage, X 1,366; K, same as Cat telophase, X 1,366: 
Ft homeotypic equatorial-plate stage, X 1,366; C, bomeotypic division, anaphase stage in chalazal cell 
and cell plate formation in micropylar cell, X 1,365; «, delayed mitosis in micropylar cell, large chalazal 
MU Is functional macrospore, X 1,365; /, ovule with two tetrads, one being in a stage similar to that of 
i/, X 330; J, 4-nucIeate embryo sac showing remnants of spindles between nuclei and large central vacuole. 


X 1,365; K, 8-nucleate embryo sac showing cell-plate formation, X 1,366; L, ovule with maturing embryo 
sac, X 140; Af, embryo sac showing entrance of a poUen tube, an integumentary cell extending into the 
sac, X 146; AT, tip of pollen tube showing two male gamete cells, tube nucleus having disintegrated, X 


1,365; 0, detail^ drawing in integumentary cell extending into embryo sac M (note active puoleus 
and starch grains in this c^), X 683. (Drawings made with AbbO camera lucida at table level.) 



Af Egg apparatus and pollen tube shown in plate 1, M X 725; B. egg, showing male gamete nucleus closely 
appressed to egg nucleus, X 683; C, stage in process of fusion of male gamete nucleus with egg nucleus, X 
1,365; 2>, zygote nucleus at spireme stage, X 1,365; E, same as B, with two groups of chromosomes and 
two nucleoles present, X 1,365; F, same as J). later stage (note position of satellite chromosomes), X 1,365; 
O, chromosomes advancing to equatorial plate (note two groups), X 1,365; H, oblique view of early 
zygotic spindle, chromosomes at left having advanced further on to the equatorial plate than those at 
the right X 1,365; /, lateral view of equatorial plate in zygote showing two groups of chromosomes, 
X 683; X zygotic equatorial plate, polar view, X 1,365; K, same as J, lateral view, X 683; L, nuclear 
division in zygote, telophase, X 683: M, binucleate proembryo showing celbplate formation with extra 
pollen tubes present, X 683; M 2-celled proembryo, X 683; O, same as iv, nucleus of apical cell dividing, 
X 683; P, stage in formation of 4-celled proembryo, X 330: Q, 4-oelled proembryo, X 330; B, 5-oelled 
proembryo, X 330; 8, 6-celled proembryo, X 330; T, 2>celled embryo with 5'Cellea suspensor, X 330. 
(Drawings made with Abb6 camera lucida at table level.) 
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the functional embryo-sac mother cell and the other spores disinte- 
grate. This is in agreement with the reports of Martin {11) and 
Reeves {H), In Medicago arhorea the lily type of einbryo-sac 
development, wherein all 4 macrospore nuVlei participate in the 
formation of the embryo sac, has been described by Guignard {9) 
and Herail, as quoted by Schnarf {15), An examination of the other 
species used for comparative purposes in the present study has shown 
that in each the chalazal spore alone develops into an embryo sac. 

As a result of 3 nuclear divisions an 8-nucleate embryo sac is 
formed. The spindles of the second division apparently persist 
(pi. 1, e/) so that after the last division the 4 nuclei at each end of the 
embryo sac are connected by spindle fibers (pi. lyK). Cell plates are 
formed between the nuclei in such a manner that 3 of the nuclei at 
eacli end of the embryo sac are incorporated into a like number of 
cells, and the fourth nucleus remains m the central region. Thus a 
7-celled embryo sac is formed consisting of an egg and 2 synergids at 
the micropylar end, 3 antipodal cells at the chalazal end, and, an 
elongated endosperm mother cell in the mid-region (pi. 1, i). The 
nucellus breaks down so that the micropylar end of the embryo sac 
comes to ie in direct contact with the inner integument. Mottier 
(12) observed cell-plate formation in the development of the embryo 
sac of Lillum martagon, and the writer {S) has described a similar 
phenomenon in L, henryi, Olive Rees (unpublished results) likewise 
observed cell-plate formation in the development of the embryo sac of 
Sitlaiium tuberosum. 

Small starch grains are to be observed in the four-nucleate embryo 
sac (pi. 1, J). They continue to increase in size and each grain has a 
definite shajie at the time of the third nuclear division. Well- 
developed starch grains are abundant in the mature ganietophyte. 

Tlie egg apparatus consists of three pear-shaped cells, the egg 
lieing somewhat larger than either synergid. A largo vacuole appears 
in the basal region of each synergid, the small nucleus being em- 
bedded in the dense cytoplasm in the middle region of the cell. 
Just jirior to fertilization the micropylar ends of the synergids elongate 
and extend into the micropylc. The cytoplasm of this region con- 
tains minute canals (filiform apparatus), which extend from the large 
basal vacuole toward the apex (pi. 2, A). The large egg nucleus is 
embedded in the dense cytoplasm in the basal region of the egg. This 
cell contains numerous starch grains, which are lacking in the synergids. 

The antipodal cells, although usually well formed at the time of 
fertilization, disingjegrate shortly thereafter. Reeves { 14 ) has 
described early disintegration of the antipodal cells and finds that 
conductive cells, similar to the ^‘Leitzellen^^ described by Ernst (5) 
for Tulipa gesnerianay extend before fertilization into the chalazal 
end of the embryo sac. No evidence of such structures has been 
found in the material used in this investigation. i i j 

The polar nuclei come to lie near each other in a region closely ad- 
jacent to the basal portion of the egg. They do not completely unite 
until the time of fertilization. Starch grains are abundant in the 
endosperm mother cell, especially in the dense cytoplasm near the 
fusion nuclei and near the egg apparatus. Comparatively mw 
starch grains appear at the chalazal end of the endosperm mother 
cell and none in the antipodal cells (pi. 1, M). 
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FERTILIZATION AND DEVELOPMENT OF THE EMBRYO 

Fertilization takes place between 24 and 27 hours after pollination. 
Tlie pollen tube enters the embryo sac between the synergids and 
the egg. Usually only one pollen tube was seen, but in a few in- 
stances extra pollen tubes were present (pi. 2, M). The synergids 
are not broken down by the pollen tube as in Phaseolus vulgaris (Wein- 
stein (fS)), but persist for some time after fertilization. 

The two male gemetes are discharged from the pollen tube in the 
vicinity of the egg. As is shown in plate 1, iV, each gamete nucleus 
is surrounded by a layer of cytoplasm which is distinct from that of 
the pollen tube. The tube nucleus may disintegrate early, but in a 
few instances it was found near the apex of the pollen tube (pi. 2, A). 
In the process of fertilization one male gamete nucleus becomes closely 
appressed to the egg nucleus, and the other unites with the fusing 
polar nuclei. The male gamete nuclei are not rounded as in Phase- 
olus (Brown (f )), but are more elongate as in Melilotus (Cooper (^)). 
Each contains a small nucleolus near one end. 

The small densely staining male gamete nucleus which is closely 
appressed to the less densely staining egg nucleus (pi. 2, B) now 
increases in size and its chromatic network tends to spread out so 
that ultimately the networks of the fusing nuclei are substantially 
similar (pi. 2, C) and the nuclear membranes disappear in the region 
of contact of the two nuclei. The nucleolus of the male gamete 
nucleus also enlarges to some extent but does not become as large as 
that of the egg nucleus. 

Two distinct groups of chromosomes are now formed, one arising 
from the nuclear material of the male gamete and the other from 
that of the egg. These can be followed in plate 2, Z> to (7. The two 
satellite chromosomes, one from each parent, are widely separated 
within the nucleus (pi. 2, jp"). 

During the stages just described the fusion nucleus of the endo- 
sperm mother cell has divided once or sometimes twice, and by the 
time of the equatorial-plate stage in the division of the zygote nucleus 
commonly 2, and often 4, endosperm nuclei are present. The 2 
chromosome groups of the zygote are usually somewhat separated on 
the equatorim plate (pi. 2, G to /), but occasionally the 2 groups 
cannot bo distingmshed (pi. 2, J, K), 

The zygote divides transversely to form a two-celled proembryo 
consisting of an enlarged basal cell and a much smaller apical cell 
(pi. 2, L to N), Extra pollen tubes have been found in embryo sacs 
at this time. Plate 2, M, shows the two male gametes being dis- 
charged from a ruptured pollen tube. 

The apical cell divides further so that a proernbiyo is formed con- 
sisting of 6 cells (pi. 2, OS). Although both nuclei are preparing to 
divide in the 2-celled proembryo in plate 2, N, indicating that such a 
procedure perhaps may sometimes occur, usually only the apical cell 
divides (pi. 2, P). In one case, however, a mitotic figure was ob- 
served in the basal cell (pi. 2, R). According to Soufeges (16), the 
apical cell of the 3-celled proembryo divides to form the true embryo 
in Medicago lupulina. Martin (11) found that it is the terminal cell 
of the 5-celled filament that forms the embryo in M. saiiva. In all 
the material thus far examined a 6-celled proembryo is formed 
(pi, 2, S), and from the apical cell of such a proembryo the embryo is 
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PLATE 3 



I^Jyision forming: 4-celJod embryo, mag^nification here and unless otherwise noted, X 265; B, cells of 
4-celled embryo dividing transversely; C-H, stages of embryo development wherein either the first or 
second division was transverse, showing suspensor increasing in size; /, 8-celled embryo with attached 
8-wlled suspensor; «7, if, cell divisions leading to l6-celled stage; two layers formed from basal tier of 
wlls with apical cells undivided; Af, transverse section of basal tier of embryo showing periclmal divisions; 
N, embryo showing nuclear division In apical tier; O, somewhat later sta^ than in N, P, Q, transverse 
division of cells of apical tier; P, S, older embryos becoming more spherical in shape; T, still older embryo, 
flattened apically and showing first evidences of primordiu of cotyledons and epicotyl, X 257; C7, embryo 
with primoridia of cotyledons (c), epicotyl (e), and hypocotyl (h), and suspensor at stage of greatest 
development, X 115; v, embryo with elongating cotyledons and hypocotyl, X 60; W, embryo bending 
In region of epicotyl, with suspensor disintegrating, X 60; X, mature embryo with portion of upper coty- 
ledon cut away to show primordia of leaf (1) and stem tip (s), X 30. (Drawings made with Abbe camera 
luoida at table level.) 
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developed, ^e cells of the suspensor divide, and the suspensor 
increases in size. 

Material from h^h seed-setting strains of alfalfa, collected at 
regular intervals after pollination shows considerable variation in 
embrvo development. Stages in the division of the zygote and occar 
sionally 2-celled proembryos are to be found 31 hours after pollina- 
tion. The endosperm at this time contains from 2 to 4 nuclei. Two- 
to four-celled proembryos are present 48 hours after pollination, and 
24 hours later these have so developed that they are composed of 
5 or 6 cells. True embryos ranging from 2 to 16 cells in size are 
present 120 hours after pollination. Such variation in size of em- 
bryos is found not only between different ovaries, but also within a 
single ovary, where embryos were observed ranging from 4 to 12 
cells in size. 

Although there is an abundance of pollen tubes in the ovary at the 
time of fertilization, only about half or less of the ovules show the 
presence of proembryos at 31 and 48 hours after pollination. The 
cytoplasm of an embryo sac in which fertilization has not occurred 
remains apparently normal for a considerable time, the first evidences 
of disintegration bwng found in ovules collected 72 hours after pollina- 
tion. This disintegration continues and ultimately the whole ovule 
becomes involved, so that at 120 hours after pollination the unferti- 
lized ovules are small and very much shrunken. An examination of 
about a hundred ovaries revealed a range in number of ovules per 
ovary from 8 to 14 and a range in number of fertilized ovules per ovary 
from 1 to 6, the average being between 3 and 4. 

The division of the apical cell in the formation of the embryo is 
usually parallel to the longitudinal axis of the proembryo (pi. 2, T), 
By two further divisions, the first vertical and the next transverse, 
an 8-celled embryo is formed (pi. Z, A, B, and I). Occasionally the 
first <livision is transverse and the second and third divisions are 
vortical (pi. 3, C-H). Periclinal divisions now occur which cut off the 
(lermatogen (pi. 3, 1-L). The cells of the embryo continue to multi- 
ply, forming first a spherical mass which later elongates and broadens 
at the apex (pi. 3, M-T). At this stage certain cell groups at opposite 
sides of the periphery of the apex as well as those in the basal region 
of the embryo become actively raeristematic, and thus the cotyledons 
and hypocotyl are initiated ^pl. Z, T, U). 

The cotyledons appear as two outgrowths at the periphery of the 
apical region of the embryo. The epicotyl is a smaller outgrowth 
between them at the apex. The cotyledons elongate rapidly, becom- 
ing long, broad, and flattened (pi. 3, F). The hypocotyl also elon- 
gates, and during its further course of development the embryo curves 
in the region of the epicotyl (pi. 3, W) so that at maturity the coty- 
ledons and hypocotyl are almost parallel (pi. 3, X). Pro vascular 
strands are differentiated early in the embryo (pi. 3, F). In the 
mature embryo, primordia of the first leaves are present near the 
apex of the stem. In the embryo represented in plate 3, X, a portion 
or one cotyledon is cut away to show the stem tip. 
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SUMMARY 

Each ovule of Medicago saliva contains usually 2 or 3 prinaary 
sporogenous cells. 

The primary sporogenous cells function directly as macrospore 
mother cells. 

In consequence of the two meiotic* divisions, the macrospore mother 
cell produces a row of four macrospores. 

Occasionally only three cells are produced as a result of meiosis, the 
micropylar cell possessing an abortive homeotypic division spindle. 

Usually 1, occasionally 2, and sometimes 3 macrospore tetrads are 
found in a single ovule. 

The chalazal cell develops into an 8-nucleate, 7-celled embryo sac; 
the other macrospores disintegrate. 

One embryo sac is usually formed in an ovule; occasionally two are 
present. 

The apices of the synergids elongate into the micropylar canal, 
and a distinct filiform apparatus is present. 

Fertilization takes place, under greenhouse conditions, between 24 
and 27 hours after pollination. 

The pollen tube enters the embryo sac between the synergids, 
neither of wliich disintegrates until later. 

The antipodals persist for some time after fertilization. 

In the course of gametic union, the chromosomes of the two gametes 
remain in two more or less distinct groups until the equatorial-plate 
stage of the first division of the zygote nucleus. 

The zygote by transverse divisions forms a filament of six (‘oils. 
The embryo develops from the tenninal one of these (^ells. Tlie other 
five cells by a few further divisions form tiu* siispensor. 

The embryo develops in a. typical maimer. 

Although there is an abundance of pollen tubes present, less tlian 
half the ovules in an ovary show signs of fertilization. In lieavy seed- 
setting lines of alfalfa there is an average of 3 to 4 seeds per pod, 
whereas 10 to 12 ovules are present in each ovary. 
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INFLUENCE OF THE INGESTION OF COLOSTRUM ON 
THE PROTEINS OF THE BLOOD SERA OF YOUNG 
FOALS, KIDS, LAMBS, AND PIGS ‘ 


By IifOGBNis P. Sable ‘ 

Attodale hiochemiat, Animal Husbandry Division, Bureau of Animal Industry, 
United States Department of Agriculture 


INTRODUCTION 

In a project concerned with the artificial feeding of young farm 
animals from birth to the end of the sucklii^ period, at the United 
States Animal Husbandry Experiment Farm at Beltsville, Md., a 
consideration of the importance of colostrum to the young of the 
different species became of great interest. There is considerable 
evidence in the literature, principally from the laboratories of Smith 
(11, 16, 17, 18, 19),^ indicating that colostrum, or its equivalent in 
the transfer of certain types of immunity, is essential for the rearing 
of healthy calves. It further appears, from the work of Orcutt and 
Howe (14), that in the calf at least the absorption of antibodies from 
the colostruni does not take ^lace to any considerable extent e.xcept 
in conjunction with absorption of unchanged globulins from the 
colostrum ingested. The possibility that the direct absorption of 
globulins by the new-born animal may have some physiological sig- 
inficance aside from the transfer of any passive immunity should not 
be overlooked. 

The author, therefore, has regarded the changes in the protein 
composition of the blood of the new-born animal following the inges- 
tion of colostrum as a probable index of the absorption of colostrum 
and perhaps as some measure of the peculiar benefits available to the 
animal from the colostrum. This paper presents data in regard to 
the changes, which result from colostrum ii^estion, in the protein 
concentration and in the distribution of protein fractions in the blood 
sera of young foals, kids, lambs, and pigs. 


REVIEW OF LITERATURE 


The function of colostrum in the early development of the young 
animal has been ascribed at times to its laxative properties and again 
to its high nutritive value, but more often to its role in the transfer 
of passive immunity from dam to suckling. Following the classic 
investigations of Ehriich (4) on the transfer in ^ce of maternal 
immunity to certain phytotoxins, by means of milk, many studies 
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were made on the transfer of antibodies in milk. However, the 
interpretation of results from these studies was confused by the fact 
that m some of the species used there was immunization of the yoxmg 
in utero, whereas in others the young were bom without the inumme 
bodies which were present in the blood of the dam. 

The literature on the many aspects of the subject of transfer of 
maternal immunity has been comprehensively reviewed by Braun, 
Hofmeier, andHolzhausen {2, pp. 1109-1146), and reference is made 
in the present paper only to such investigations as are thought to 
have an immediate bearing on the interpretation of the results 
obtained in the study. 

In 1922 Smith and Little {16) published the results of the first of a 
series of investigations which defmitely established the importance of 
colostrum for the survival of the new-bom calf. They showed that 
from 76 to 80 percent of calves deprived of colostrum faded to survive, 
whereas the control animals, which had received colostrum, all lived. 
These authors concluded {16, p. 187) 

that the function of the colostrum is essentially protective against miscellaneous 
bacteria which are harmless later when the protective functions of the calf have 
begun to operate and accumulate energy. 

Howe (6) observed that the blood of the calf at birth contained 
neither euglobiilin nor pseudoglobnlin 1 in appreciable (quantities, 
but that the ingestion of colostrum by the animal at any time within 
2 days after birth resulted in the rapid appearance of these protein 
fractions in the blood. Orcutt and Howe (14) furnished evidence of 
the association of certain agglutinins with the globulin fractions in 
cow^s colostrum and further demonstrated the simultaneous appear- 
ance of these globulin fractions and of the associated agglutinins in 
the blood of the new-born calf after the ingestion of the colostrum. 
These authors postulated a direct absorption of colostrum globulins 
together with the associated antibodies. 

Lewis and Wells (10) repeated on the human infant the study which 
Howe made on the new-born calf. They found that in contrast to 
the calf, the infant has at birth a quantity of pseudoglobulin per cubic 
centimeter of blood comparable to that of the adult, and lacks only 
euglobulin. These findings were confirmed by Boyd {!), who further 
demonstrated that after the ingestion of colostrum there is a definite, 
although not groat, increase in the quantity of serum euglobulin. 

Kuttner and Ratner (9)j in a study of the permeability of the human 
placenta to diphtheria antitoxin, found that the concentration of 
antitoxin in the blood of the umbilical cord of the infant corresponded 
to that in the blood of the mother. They observed no increase in 
antitoxin attributable to colostrum ingestion, and concluded that in 
the feeding of infants the significance of colostrum is not comparable 
to that in the feeding of calves as shown by the work of Smith and his 
associates (11,14,16). They considered the difference in the globulin 
content of the blood of infants and of calves at birth and the differ- 
ences in transmission of immune substances in utero in the two species 
as probably arising from differences in the histological structure of the 
placentae of these species. They pointed out that there was apparently 
a greater degree of permeability for passage of antibodies and of serum 
globulins in species in which the placenta interposes only one layer of 
cells between the maternal and the fetal circulations, as in man, apes, 
and rodents, than in animals in which there are two or more cell 
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layers between the maternal and the fetal bloods. Later work on the 
transference of immunity in certain farm animals, reported in the 
following paragraphs, lends support to their conclusions that in 
species havmg mstologically a more complex barrier between maternal 
and fetal ciroulations than the placenta chorialis, there is no placental 
transfer of immune substances. 

Mason, Dalling, and Gordon {12), in a study of the transference 
of immunity to lamb dysentery in sheep, also carried out some 
experiments on the mare and the cow They found no placental 
transmission of antitoxin from dam to young in the ewe, cow, or mare, 
but a passage of much antitoxin into the colostrum of these animals. 
These authors further demonstrated the subsequent appearance of 
the antitoxin in the blood of the new-born young after the ingestion 
of colostrum contamiog the antitoxin. 

Nelson {13), similarly, has shown that new-born pigs bom of sows 
immune to vaccinia virus have no immune substances to this virus 
until after the ingestion of colostrum from their da ms . 

ANIMALS USED AND THEIR MANAGEMENT 

In this study, 10 foals, 3 kids, 6 lambs, and 4 pigs were used. Four 
of the foals were allowed to suckle their dams, 3 foals were fed meas- 
ured quantities of colostrum from their dams, and 3 foals were fed a 
mixture of dried cow’s milk, sugar, and water, which had a total 
protein concentration approximating that of fresh mare’s milk. One 
of the kids was allowed to suckle its dam, one was fed measured 
quantities of colostrum from its dam, and the other was fed 4 ounces 
of sheep colostrum for the first 3 hours and only goat’s milk after 
the third hour. Four of the lambs were allowed to suckle their 
dams, and two received a mixture of dried cow’s milk in water. Of 
the 4 pigs, all litter mates, 2 were allowed to suckle their dam and 2 
were placed with a sow which had farrowed 8 days previously. 

All the young animals used in this study were delivered under 
observation, and unless a sample of blood was obtained from the 
umbilical cord when it was broken, each animal was immediate^ 
removed from its dam until the first sample of blood was drawn. If 
the animal was to be allowed to suckle, it was then placed with its 
dam or with a foster dam. If it was to be hand fed, it was rubbed dry 
and placed in a suitable stalll&r pen and fed from a bottle. 

EXPERIMENTAL MATERIAL AND METHODS 

BLOOD SAMPLES 

Protein analyses were made of blood sera obtained from the new- 
born animals immediately after delivery and on blood sera obtained 
from the same animals at intervals after the ingestion of colostrum. 
Corresponding data were obtained from other new-bom animals which 
received, in place of colostrum, either milk of the same species, 
colostrum of another species, or a mixture of dried cow’s miUc and 
water. . , , 

The first blood sample from each of foals 1 and 2 consisted of 
15 or 20 cc of blood taken from the umbilical cord as it was severed 
just after delivery. All other blood samples from^the foals, as well 
as all blood samples from the kids and lambs, consisted of 8 or 10 oc 
of blood drawn from a jug;ular vein with a stOTile 16-gage needle. 
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Blood samples from the young pigs were drawn from the left 
T^tricle of the heart by means of heart puncture. Not more than 
6 cc of blood was drawn from a pig at any one time. 

Because the sample of blood required for analysis was relatively 
large for so small an animal as the young pig, and because the method 
of drawing it was necessarily somewhat drastic for use on a new-born 
animal, it was planned to bleed the pigs only on alternate days. Of 
the two pigs allowed to suckle their dams, pig 1 was to be bled the 
first day, pig 13 the second, pig 1 the third, etc. Unfortunately, pig I , 
which was bled on the first day, was killed by the sow on the third day 
before the second sample of blood was obtained from it. Of the 2 
pigs placed with a sow which had farrowed 8 days previously, pig 2 
was to have been bled the first day, pig 4 the second, pig 2 the tnird, 
etc., but both animals died on the third day. However, the assump- 
tion that the serum of pig 13 had at birth a protein composition similar 
to that of its three litter mates seems warranted; therefore, pig 13 has 
been used as representative of the effect of colostrum ingestion. 

No anticoagulwt was used in the collection of the blood samples; 
hence, all determinations were made on serum. For the determina- 
tion of the protein fractions in the blood serum, Howe’s micromethod 
(5) was used. In view of his later work (8) on the precipitating ca- 
pacity of certain salts for the globulins of blood serum, 1.00, 1.25, and 
1.50 volume molar concentrations of sodium sulphate were used instead 
of the 14.2, 18.4, and 21.5 percent concentrations formerly employed 
by him for the fractionation of the globulins. Eight percent of tri- 
cmoroacetic acid was used for the precipitation of total proteins. All 
nitrogen determinations were made by the technique of Pregl {16). 
The modified Pamas-Wagner micro-Kjeldahl apparatus described 
by Clark and Collip (8) was used. 

COLOSTRUM 

As a means of determining whether there is any correlation between 
the protein concentration of the colostrum ingested and the amount of 
increase in serum proteins of the young animal, protein analyses were 
made in most cases on the colostrum which was ingested by each 
animal, although for only 3 foals and 2 kids is there a record of the 
quantity of colostrum ingested. 

Samples of colostrum from the dams suckled by young under ob- 
servation consisted of from 30 to 50 cc of colostrum drawn at one 
milking. In every instance, the first sample of colostrum from an 
animal was obtained before the new-born youim was permitted to 
suckle. The samples taken for analyses from the colostrum which 
was later fed by hand to the experimental animals represented the 
product of several milkings. 

All samples of colostrum were centrifugalized to remove fat and 
colostric bodies, and the fat-free or skimmed colostrum, which was 
pipetted from under the cream, was used for the protein determina- 
tions. 

Protein precipitations were made according to Howe’s method for 
the determination of the proteins in colostrum (?') with the modifica- 
tion later suggested by nim that volume molar concentrations of 
eo^um sulphate be substituted for the volume percent concentrations 
or^nally used. This method for the determination of the proteins of 
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colostrum was evolved for use with cow’s colostrum. However, in 
fractiomng the proteins of the milk of the mare, the ewe, and the doe 
(goat) in the present study, difficulty was encountered in separating 
casein, pseudoglobulin I, and pseudoglobulin II by this method. For 
this reason pseudoglobulin I and pseudoglobulin II are recorded to- 
gether as one fraction. This fraction was calculated as the difference 
m the nitrogen content of the ffitrates after precipitation with 1.60 
molar sidphate and after precipitation with 1.00 molar sodium sul- 
phate acidified with acetic acid. 

DATA AND DISCUSSION 

FOALS 

Table 1 shows the protein analyses of the blood sera of the foals 
used in this study and of the colostrum ingested. The table indicates 
that the euglobiuin fraction of the serum proteins is either absent or 
is present in very small quantities in new-born foals and that the 
pseudoglobulin I fraction is present in only small quantities. 

Resiuts from the protein analyses of the blood sera from the 4 foals 
which were allowed to suckle their dams show that there was in the 
serum of each of foals 1, 2, and 3, after the ingestion of colostrum, an 
increase in euglobulin, a very marked increase in pseudoglobulin 1, 
and likewise an increase in total globulins. Further, a comparison of 
data on the blood-protein fractions for foals 1 and 2 and on the con- 
centration of globulins in the colostruni ingested by each of them 
suggests that the concentration of globulins in the colostrum ingested 
was probably a factor in the amount of increase in the scrum globulins 
following such ingestion. In the case of foal 4, there was an increase 
in euglobulin, but the pscudoglobulin I fraction was not significantly 
changed and a decrease occurred in both pseudoglobulin II and total 
globulins. Foals 1 and 2 were observed to suclae their dams diiring 
the first 24 hours after birth; each of their dams apparently had a 
generous supply of colostrum. However, information in regard 
either to the quantity or to the composition of the colostrum supplied 
by the dams of foals 3 and 4 is lacking. These last two foals were 
inconveniently located for observation of frequency of suckling, and 
their owner objected to any h^dling of their dams such as would be 
necessary in getting colostrum''8amples. 

Foals 5, 7, and 9 wore fed measured amoimts of their dams’ colos- 
trum. Protein fractions were determined on a sample from each lot 
or quantity of colostrum from which the individual feedings of meas- 
ured amounts were taken. From these data the total quantities of 
colostrum globulins ingested by each foal during the first 8 hours 
after birth were calculated. The protein analyses on the colostn^ 
are shown in the table; the calculated amounts of colostrum globulins 
ingested are given in footnotes 4, 5, and 6. . i. 

Although the data given in the table for these foals indicate that 
the increases which occurred in total serum globulins within 12 hours 
after birth were not directiy proportional to the amounts of total 
colostrum globulins ingested, it appears that the greater the quantity 
of colostrum globulins ingested by these foals, the larger the accumu- 
lation of euglobulin and of pseudoglobulin I in the serum. 
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Tablid , 1 . — Protein lancUyees of blood sera from foods and of the colostrum ingested 

by them 

[Results are eicpressed as grams of nitrogen per 100 oe of original sample] 

FOALS ALLOWED TO SUCKLE THEIR DAMS 


Product analysed and source 

Time after 
delivery of 
foal 


Daps 

Hours 

Blood serum from foal 1 > 

2 

0 

Coln^frum frftin rlAtnof fnfti 1 1 


1 

12 

Man ga vaAi vaoau v#a avcai a « 


.36 



0 

Blood serum from foal 2 > 



24 


7 




1 

Colostrum from dam of foal 2. 


12 



24 



0 

Blood serum from foal 3 ^ 


20 



44 

Blood serum from foal 4 > 

1 

0 

24 



Globulin 




Non- 


Eu- 

globu- 

lin 

Pseudo- 

globu- 

lin 

I 

Pseudo- 

globu- 

lin 

II 

Total 

Casein 

Al- 

bumin 

pro- 

tein 

nitro- 

gen 

Total 

nitro- 

gen 

0.010 

0.046 

0.065 

0.121 


0.465 

0.056 

0.642 

.090 

.292 

.172 

.554 


.327 

.065 

.946 

1.259 

1.510 

2.769 

0.748 

.556 

.042 

4. 115 

.288 

..555 

.843 

.502 

.323 

.080 

.121 

1.748 

.642 

.000 

.024 

.137 

. 161 


.458 

.042 

.661 

.066 

.142 

.065 

.273 


.396 

.047 

.716 

.096 

.087 

.088 

.271 


.338 

.053 

.662 

.874 

.928 

1.802 

. 948 

.277 

.115 

3. 142 

.141 

. 182 

.323 

.’376 

.192 

.056 

.947 

.066 

.000 

.066 

.290 

.103 

.053 

.512 

.021 

.042 

.051 

.114 


.528 

.032 

.674 

.038 

.135 

. Ill 

.284 


.416 

.039 

.738 

.033 

.133 

. 100 

.260 


.423 

.045 

.734 

.007 

.046 

.138 

.191 


.449 

.039 

,679 

.0.51 

.050 

.072 

.17.3 



.462 

.044 

.679 


FOALS FED MEASURED QUANTITIES OF COLOSTRUM OF THEIR DAMS 


Blood serum from foal 3* — 
Colostrum from dam of foal 5. 

Blood serum from foal 7 > 

Colostrum from dam of foal 7. 

Blood serum from foal 9 • 

Colostrum from dam of foal 9. 


f 

0 

0.000 

U020 1 0.068 

0.097 


0.462 

0.044 

0.603 


12 

.058 

s 

I 

.239 


.391 

.044 

.674 


1 

.393 

. 351 

.744 

0.4.38 

.299 

.059 

1.540 


6 

. 154 

.067 

.221 

.098 



.728 



0 

.000 

.028 1 .059 

.087 


.552 

.040 

.679 


12 

.115 

.227 .095 

.437 


.449 

.031 

.967 


24 

.037 

.229 ! .069 

.335 


.471 

.034 

.840 


1 

1. 128 

.964 

2.092 

i.dw 

.453 

.071 

3.666 



2 

1. 110 

.864 

1.974 

1.056 

.580 

.050 

3.660 


4 

1.015 

.458 

1. 473 

1.495 

.635 

.047 

3.650 


0 

. 


.878 

.278 

.038 

.050 

1.844 


0 

.002 

.054 1 .179 

.235 


.558 

.034 

.827 



12 

. 118 

.108 .127 

.353 j 


.515 

.034 

.902 



24 

.037 

. 204 1 .131 

.372 


.477 

.031 

.880 

/ 

1 

.490 

.452 

.942 

.840 

.468 

.046 

2.297 

1 

3 

.468 

.375 

1 

.843 

.498 

.487 

.043 

1.871 


FOAL8 RECEIVING MILK (NO COLOSTRUM) » 


Blood serum from foal 15 

Blood serum from foal 16 

Blood serum from foal 17 


0.003 

0.019 

.021 

.026 

.022 

.040 

.000 


.013 

.024 

.017 

.007 


0.068 

.062 

.051 

.149 


.159 

.088 

.139 


0.090 

.099 

.113 

.230 

.208 

.182 

.124 

.163 


0. 5.59 
.522 
.414 
.497 
.505 
.534 
.412 
.379 


0.042 


.022 

.028 

.035 

.030 


0.691 

.657 

.566 

.756 

.735 

.744 

.571 

.570 


t Suckled vigorously within 3 hours after delivery. 

* Suckled infreauently and listlessly during first 24 hours. 

* Not observed between times of taking blood samples. 

* Received, during the first 8 hours after birth, 10.3 g of colostrum globulin nitrogen. 

< Received, during the first 8 hours after birth, 20.9 g of colostrum globulin nitrogen. 

* Received, during the first 8 hours after birth, 17.1 g of colostrum globulin nitrogen. 

T The milk fed was a mixture of dried cow's milk, sugar, and water, which had a total protein concentra- 
tion approximating that of fresh mare’s milk. 


Table 1 also indicates that for foals 7 and 9 the lai^e increases 
obtained for the euglobuUn fraction within a few hours after the 
ingestion of colostrum are veij transient. In each instance, at 24 
hours idter birth, the euglobulin fraction had dropped to a consider- 
ably lower value, which, however, was greater than that observed in 
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the serum of the new>boiii foals. ' On the other hand, the pseudoglob- 
ulin I fraction which, within a few hours after the ingestion of colos- 
trum, had shown an increase comparable to that occurring in the 
euglobulin fraction, showed at 24 hours after birth, no such attendant 
decrease. 

No consistency in the fluctuations in the pseudoglobulin II fraction 
was observed in the foals which received colostrum. 

That such increases in serum globulins as occurred in foals 5, 7, 
and 9 do not occur when foals are fed, instead of colostrum, a product 
extremely poor in globulins, such as cow’s milk, is indicated by the 
data in table 1. Foals 15, 16, and 17 were fed a mixture of dried 
cow’s milk, sugar, and water which was comparable in total protein 
concentration to fresh cow’s milk. In no case was there a significant 
increase in serum globulins. These foals succumbed within 2 weeks 
to one or more of the infections commonly associated with the con- 
dition known as “navel and joint ill’’ in foals. Foal 4 also displayed 
at 2 weeks of age the swoUen joints, acute lameness, and marked 
lassitude associated with tlus condition. This last foal was the only 
one of those left with their dams in which no marked increase in 
pseudoglobulin I and'in total globulins was observed. 


KIDS 

Protein analyses of sera from three kids, presented in table 2, 
indicate that serum euglobulin was present in very slight quantities 
in these animals at birth and that pseudoglobulin I was present in 
but little larger quantities. 


Table 2.— Protein analysea of blood sera from kids and of the colostrum ingested 

by one of them 

{Results are expressed as grams of nitrogen per 100 cc of original sample] 


Product analyzed and 
source 

Time after 
delivery 
of kid 


Day$ 

Houn 

1 

Blood serum from kid 1, fed 
colostrum from dam » 

3 

6 

24 


13 


Colostrum from dam of kid 1. 


16 

24 

Blood serum from kid 2, fed 
120 cc sheep colostrum and 
only goat's milk after third 
hour > 

3 

0 

24 

6 



20 

0 

Blood serum from kid 3 
allowed to suckle dam 

3 

24 

6 



, ao 





Globulin 

Casein 

Albu- 

min 

Non- 

pro- 

tein 

nitro- 

gen 

Eu- 

globu- 

lin 

Pseudo- 
globu- 
lin 1 

Pseudo- 
globu- 
lin II 

Total 

0.006 

0.093 

0. 177 

0.276 


0.299 

0.023 

.211 

.232 

.197 

.640 


.213 

.052 

w135 

.164 

.254 

.553 


.130 

.067 

‘.174 

.157 

.186 

.516 


.162 

.088 

.105 

.136 

.165 

.406 


.340 

.066 

.530 

0.' 

64 

1.284 

0. 992 

.108 

.176 

.141 

.146 

.287 

.539 

.062 

.112 

.048 

.060 

.108 

.500 

.077 

.084 

.003 

.075 

.076 

.154 


.410 

.087 

.042 

.084 

.041 

.167 


..390 

.068 

.033 

.085 

.043 

.161 



..374 

.051 

.023 

.037 

.115 

.175 


.337 

.051 

.076 

.025 

.109 

.210 


..*>39 

.043 

.024 

.039 

.114 

.177 


.405 

. 095 

.163 

.341 

.032 

.536 


.283 

. 103 

.125 

.173 

.090 

.888 


.316 

.059 

.084 

.146 

.117 

.347 


.375 

.059 

.063 

.111 

.102 

.276 


.468 

.059 


» Received during first 24 hours 16.2 g total nitrogen of which 7,7 g wwe from colostrum globulins. 
» ReoeJved during first 24 hours 6.6 g total nitrogen of which 2 g were from colostrum globulins. 


Total 

nitro* 

gen 


0.698 

.905 

.750 

.766 

.812 

2.560 

1,000 

.769 

.651 

.625 

.586 

.563 

.792 

.677 

.922 

.763 

.781 

.803 


Twenty-four hours after the ingestion of the first goat^ colostrum 
by Idds 1 and 3, the sera from these kids contained relatively large 

S iantities of euglobulin and greatly increased quantities of pseudo- 
obulin I. This sharp rise in these two fractions was followed by a 
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gradual decrease in the concentration of both protein fractions in 
the blood of the animals during the time each was observed, which 
was 13 days in one case and 20 days in the other. 

Although kid 2 received no goat colostrum, it was f^ a small 
quantity of ewe’s colostrum. The increases in euglobulin, pseudo- 

f lobulin I, and total globulins at the end of 24 hours may or may not 
e significant of absorption of globulin from the ewe’s colostram. 
The quantity of ewe’s colostrum available for feeding this animal 
was insuflSicient for conclusive results in regard to the possibility of 
absorption of heterologous globulins as detected by the techmque 
used. There are, however, observations in this laboratory that the 
new-born of one species can absorb certain proteins of another species 
in considerable quantities. This absorption of foreign protein has 
already been demonstrated by immunological reactions. Results 
obtained by the writer indicate that under certain conditions the 
absorption may be an extensive gross absorption demonstrable by 
chemical analysis. 

LAMBS 

Table 3 shows the protein analyses of the blood sera of the lambs 
used in this study, and of the colostrum ingested. 

The blood of the four new-born lambs that were allowed to suckle 
their dams contained no significant quantity of euglobulin and only 
very small quantities of pseudoglobulin I. Withm 24 hours after 
birth, however, large quantities of euglobulin appeared, and there 
was a sharp increase in the pseudoglobulin I fraction. These increases 
were followed by a subsequent gradual decrease in the same fractions 
and in total globulins during the time the lambs were studied. 

Of the two lambs which were fed cow’s milk instead of colostrum, 
lamb 39-JS was fed a 20-percent dried-milk mixture with a total 
protein content comparable to that of ewe’s milk. Analyses of the 
blood serum indicated, at the end of the first 18 hours, a slight decrease 
in total globulin and in total nitrogen with approximately no change 
in the globulin-albumin ratio. Lamb 37-JH was fed a 66-percent 
dried-milk mbcture comparable to colostrum in total protein concen- 
tration. The blood serum of this animal, after 26 home, showed a 
slight increase in globulins and a small increase in the globulin- 
albumin ratio, which, however, was not comparable to the great 
increase in the globulin-albumin ratios in those animals which received 
colostrum. 
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Table 3. — Protein analyses of blood sera from lambs and of colostrum ingested by 

them 


[Results are expressed as grams of nitrogen per 100 cc of original sample] 
LAMBS ALLOWED TO SUCKLE THEIR DAMS 





Globulin 



Non- 


Product analyzed and source 

X iiiiv niter 

delivery of 
lamb 

Eu- 1 

Pseudo- 

Pseudo- 


Casein 

Albu- 

min 

pro- 

tein 

i Total 
nitre- 


globu-’ 

globii- 

globu- 

Total 


nitro- 

gen 




lin 

lin I 

lin 11 




gen 



Days 

Hourt 










0 

0.000 

0 047 ! 

0.062 

0.109 


0. 441 

0.067 

0.617 



24 

.285 

.233 1 

.083 

.601 j 

i 

.267 

.074 

.941 

Blood serum from lamb 32~I 

2 


r- . r - 







.832 


0 



.149 

.iio 

.084 

.373 


.375 

.067 

.815 


10 


.008 

.125 

.087 

.280 


.447 

.085 

.812 

Colostrum from ewe 25- A, 



0.5 

.718 

0. 472 

1.190 

1.117 

.553 

.107 

2.967 

dam of lamb 32~I. 


24 

.243 


172 

.415 

.769 

.267 

.109 

1.550 



0 

.003 

.064 

.092 

.159 


.318 

.079 

.556 



24 

.316 

.218 

.123 

.657 



.261 

.084 

1.002 

Blood serum from lamb 39~I. 

2 


.201 

.250 

.077 

.528 


.292 

.091 

.911 


4 


.167 

.233 

.110 

.510 


.349 

.051 

.910 


35 


.085 

.107 

.138 

.330 


.486 

.044 

.860 

Colostrum from owe 18~E, 


6.5 

1.738 

.i 

525 

2.263 

1.205 

.282 

.307 

4.067 

dam of lamb 39-1. 


24 

.092 

A 

m 

.191 

.744 1 

.155 1 

.186 

1.276 



0 

.000 

.054 

.152 

.206 

1 

406 

.040 

.652 



24 

.322 

.248 

.051 

.621 


.386 i 

.071 

1.077 

Blood serum from Iamb 47-1 

2 

4 



.295 

.209 

.202 

.198 

099 

071 

.596 

.478 


.381 
.393 j 

.0156 

.075 

1.032 

.946 


10 


.146 

.147 

. 102 

.395 


.378 

.084 

.867 


38 


.080 

.111 i 

.208 

.309 


.328 

.062 

.789 

Colostrum from ew'c 23-B, 
dam of lamb 47-1. 

.... 

"'0'5 

7 

24 

.817 

.595 

.102 

]] 

r56 

199 

151 

1.573 

.794 

.253 

1.626 

1 094 
.611 

.396 

.297 

.036 

.038 

.239 

.084 

3.633 

2.424 

.984 



0 

.000 

.013 

1 .231 

.244 




.741 



24 

.267 

.220 

' .062 

.549 


.363 

.096 

1.008 

Blood serum from lamb 53-1 

2 

5 


.190 
. 153 

! .179 

. 180 

.111 
. 112 

.480 

.445 


.369 

.084 

.933 

.883 


n 


.130 

i . 143 

096 

.369 


.440 

.065 

.874 


18 


.093 

.131 

.103 

.327 


.459 

.070 

1 .856 

Colostrum from ewe 17-0, 


0.5 

.980 


r30 

1 710 

1.556 

.540 

.266 

1 4.062 

dam of lamb 53-1. 

[ " 2 ' 

- 

.476 

! 

K)3 

1 

.479 

.676 

101 

.136 

1 392 


LAMBS RECEIVING MILK (NO COLOSTRUM) 


Blood serum from lamb 
39-J8.» 

Milk mixture fed to lamb 


1 

18 

0.006 

.004 

0.084 

.047 

0 098 
.114 

0.188 

.165 


0. 467 i 
.388 

a055 

.041 

0.700 

.594 

.860 



1 

.043 

.018 

.086 

.147 


.396 

.054 

.597 

Blood serum from lamb 

i 

26 

.052 

.020 

.107 

.179 


.348 

.082 

.609 

87-JH » 

1: : . 

47 

.012 

.064 

.123 

. rr) 


.426 

.032 

.656 

Milk mixture fed to lamb 











37-Jn 




.... 



— 





2. 400 


^ Received during first 12 bours after birth 3.42 g total nitrogen in a 20-i)ercent mixture of dried cow’s 


AiliiJw iu Wawr* . .A # j 1 j 9 

^ Keceived during first 20 hours after birth 20,8 g total nitrogen in a 56-perc5ent mixture of dried cow s 
milk in water. 
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PIGS 

Table 4 presents the results of protein analyses of sera from four 
pigs. Sera from these animals at birth contained verv small quanti- 
ties of the globulin fractions. In pig 2, which ingested only muk and 
which was bled shortly after birth and again 2 days later, there was 
no marked increase in any of these fractions. All the animals, excejit 
pig 13, died on the third day. Within 24 hours after the birth of this 
pig the total globulins in the serum were about six times as »eat 
as those in the serum of new-born animals. This was due laigely to 
the increase in euglobulin. There was a decrease in this large pro- 
portion of euglobum during the 12 days in which the pig was observed. 


Table 4. — Protein analyses of blood sera from 4 pige of the same litter, and of 

colostrum from the dam 

[Results are expressed in grams of nitrogen per 100 cc of original sample] 


Product analyzed and source 


Time after 
delivery of 
pig 


Blood serum from pigs 
placed with sow farrowed 

8 days previously: 

Pig 2 

Days 
{ 2 

Pig 4 

Blood ''serum from pigs al- 
lowed to suckle dam: 

Pig 1 


Pig 13 

j-T 

1 12 

Colostrum from dam suck- 
led by pig 13 




Ilotm 

0.5 


21 


.6 


24 


1 


Globulin 

Casein 

Albu- 

min 

Non- 

pro- 

tem 

nitro- 

gen 

Total 

nitro- 

gen 

Eu- 

globu- 

lin 

Pseudo- 
globu- 
lin r 

Pseudo- 
globu- 
lin II 

Total 

0 031 

0.040 

0.062 

0.133 




0.460 

.035 

.039 

.103 

. 177 


0. 191 

0 121 

.480 

.013 

.080 

.081 

.174 

1 

.162 

.149 

.485 

.017 

.061 

.060 

.138 


.123 

.188 

.449 

.607 

.177 

.072 

.856 


.207 

.106 

1 169 

.295 

. 199 

.087 

.581 




.923 

.168 

.201 

.097 

.466 


.484 

".‘052 

1.002 

1.680 

0. 

m 

2.221 

1. 234 

.457 

.242 

4. 154 


The serum of the new-born pigs differed from the serum of the new- 
born of the other species in its remarkably high nonprotein nitrogen 
content. Besults obtained from the p^ during the first 2 days after 
birth and before the ingestion of colostrum indicated approximately 
25 percent or more of total serum nitrogen to be in the form of non- 
protein nitrogen. 

CONCLUSIONS 

From the data presented in this paper it is concluded that the effect 
of colostrum ingestion on the serum proteins of young foals, kids, 
lambs, and pigs is similar to that observed by Howe in calves, in that 
after the ingestion of colostrum there is a striking rise in the concen- 
tration of total nitrogen, which rise is occasioned by large increases 
in the euglobulin and pseudoglobuUn I fractions. The author further 
concludes from the work here reported that young foals, kids, lambs, 
and pigs which are fed homologous colostrum durii^ the first 24 to 
48 hours after birth absorb, from the colostrum in^sted, euglobulin 
and pseud<%lobulin I. It seems highly probable that absorption of 
immune substances takes place laigely through absorption of the 
globulins with which they am so closely associated. 

In a project concerned with the use of milk substitutes and sup- 
plements in the feeding of orphan farm animals, it appears that 
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any program for feeding these new-born animals should include either 
homologous colostrum or some substitute from which the new-born 
animals may absorb either the protective substances ordinarily sup- 
plied in the colostrum, or their equivalent. There is the possibility 
that the absolution of certain types of globulins in which the serum 
is deficient at birth may enable the young animal to elaborate its own 
antibodies. 

SUMMARY 

Results of studies of the protein fractions of sera from 10 foals, 
3 kids, 6 lambs, and 4 pigs in^cate that in each of the four species, 
the senim of the new-born animal is deficient in the euglobulin frac- 
tion of the serum proteins. In every instance pseudo^obulin I was 
present but o^y in ve^ small quantities. 

In those animals which received no colostrum from their respective 
dams there was little or no increase in serum globulins during the 
period of observation, with the exception of one kid whose serum 
contained increased globulins on the twentieth day after birth. 

In the young foals, kids, lambs, and the one pig known to have 
received colostrum from their respective dams, there was a marked 
increase in total serum nitrogen within 24 hours after birth. This 
change resulted from increases in euglobulin and in pseudoglobulin I 
in the serum. There was a decrease in these fractions in the animals 
studied for some days after this rise. 

It has been shown in young foals that the amoimt of absorption of 
euglobulin and pseudoglobulm I is related to the quantity of colos- 
trum globulins ingested. 
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A STUDY OF THE CAUSE OP VARIABILITY IN RESPONSE 
OF BARLEY LOOSE SMUT TO CONTROL THROUGH 
SEED TREATMENT WITH SURFACE DISINFECTANTS ‘ 


By V. F. Tapkb 

Pathologist, Division oj Cereal Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

The present investigation was undertaken to discover the factor or 
factors involved in the variability of response of barley loose smut to 
control through treatment of the seed with surface di^fectants. 

Previous to Johnson ’s report in 1914 (IS) * it seemingly had been 
well established that the fungus causing loose smut (UstUago nuda 
(Jens.) Kell, and Sw.) in barley {Hordeum mlgare L.) was controllable 
through seed disinfection only by the application of a prolonged and 
deeply penetrating treatment like the modified hot-water method of 
Freeman and Johnson (5). Since 1914, however, and especially in 
the past 10 years, it has been repeatedly demonstrated in the United 
States that the treatment of naturally inoculated barley seed with 
surface disinfectants such as formaldehyde solution and certain 
organic mercury solutions and dusts may completely control loose 
smut, reduce it, or fail to effect any appreciable reduction {16, 20, 
22, 28, 27, 31, 32). In the absence of a knowledge of the factor or 
factors involved in the variable responses of barley loose smut to 
control through seed treatment with surface disinfectants, it has not 
seemed advisable, however, to recommend these easily applied 
remedies. 

The modified hot-water bath has seemed the only certain method 
for controlling loose smut m barley through seed treatment. This 
treatment is so difficult to apply, however, and frequently so injurious 
to germination that it rarely has been used by farmers. Therefore, 
no practical measure for controlling loose smut of barley through seed 
treatment has been available. The results of studies establishmg the 
factor responsible for tlie varying effectiveness of seed surface disin- 
fectants in barley loose smut control are presented in the following 
pages. 

REVIEW OF PREVIOUS INVESTIGATIONS 

A detailed review of early investigations of the life history and 
control of UstUago nuda has been given by Tisdale and Tapke {30). 
Since its description in 1889 {15) this fungus has been considered the 
sole pathogene causing loose smut in barley. It was shown that ^e 
loosely held spores from smutty heads are blown, washed, or carried 
by insects to the flowers of normal heads when the glumes are open 
at blooming. Except under arid conditions, as h^ more recently 
been demonstrated ^25), these spores soon germinate, producing 
hyphae that grow directly into and deeply within the developing 
seeds. The fungus remains dormant witlun the seeds until they are 

I Received for publication Apr. 26, 1936; issued December 1935. 

* Reference is made by number (italic) to Literature Cited, p. 506. 
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sown; it revives as the seeds germinate and grows up through the 
young plants, causing the smutty heads. Two other items having 
an important bearing on the present investigation also should be 
noted. It was definitely established by 1914 that (1) U. nvda is 
strictly a floral-infecting smut and is incapable of producing smutted 
plants from mature baney seed inoculated with smut spores (/, J?, 5, 
lOf Sl)f and (2) the deeply embedded fungus in infected seed from 
inoculated flowers is not controlled by treating the seed with surface 
disinfectants. A prolonged and deeply penetrating seed treatment 
like the modified not-water method of Freeman and Johnson (5) is 
necessary to effect control. Reports emanating from countries other 
than the United States apparently still are in agreement with the facts 
of life history and control as just cited. 

Beginning with Johnson report in 1914 (15), however, the findings 
of investigators in this country frequently have failed to parallel those 
of the early workers. Relative to infection, Tisdale and Tapke (30) 
in 1924 obtained from 52.5 to 100 percent of smutted plants in the 
varieties Alaska, Greece, Han River, Texas Winter, and Wisconsin 
Winter as a result of applying loose smut spores to mature seed from 
which the hulls had been removed. A few years later Tisdale and 
Griffiths (29) used 32 different collections of loose smut to inoculate 
dehulled seed of Tennessee VTinter and Hannchen barley. Most of 
the collections produced high percentages of smutted plants in 
Tennessee Winter or in both of the varieties. Six collections, however, 
were imable to produce smutted heads in either of the varieties. 

Abundant proof has been furnished in the past 10 years that, at 
least under certain conditions, loose smut in barley may be controlled 
through treatment of the seed with surface disinfectants. Tisdale 
et al. (51), using naturally inoculated seed of Cusado, Greece, Han 
River, Tennessee Winter, Texas Winter, and Wisconsin Winter 
barleys, concluded that ‘^formaldehyde, which has been recommended 
for the control of covered smut of barley, controlled loose smut better 
than it controlled covered smut.'^ In a later test Tisdale et al. (32), 
obtained excellent control of loose smut in Cusado, Orel, Tennessee 
Winter, and Wisconsin Winter by treating the naturally inoculated 
seed with solutions of various organic mercury compounds for 15 
minutes to 1 hour. Similar results were obtained by Taylor and 
Zehner (27) in a 5-year test of Tennessee Winter and Wisconsin 
Winter grown from naturally inoculated seed immersed in a 0.3-per- 
cent solution of Semesan for 1 hour. In tests with dust fungicides, 
Leukel (20) obtained results indicating that control of barley loose 
smut through seed treatment with surface disinfectants is a function 
either of the host variety or of the different loose smuts associated 
with the different varieties. For example, through treatment of 
naturally inoculated seed with Ceresan or Semesan dust in 1928-29 
and again in 1929-30, he obtained excellent control in Tennessee 
Winter and Wisconsin Winter, approximately 50 percent control in 
Orel, and only a neglimble reduction of loose smut in Esaw. This 
was the state of knowledge forming the background of the present 
study. 

METHODS OP EXPERIMENTATION 

The esmerimental procedure, as shown later, was concerned chiefly 
with (1) floral and seed inoculations of barley with various collections 
of loose smut and (2) treatment with surface disinfectants of the seed 
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from hand-inoculated flowers. It was found necessary, however, to 
develop first a special technic in order to avoid serious injury to seed 
viability from the inoculation of barley flowers as well as from the 
application of surface disinfectants to the seed from the inoculated 
flowers. 

Freeman and Johnson (5) have shown that the period during 
which barley flowers are susceptible to infection by UstUago nvM 
extends from the time when the pollen is still immature until the 
fertilized ovary has attained approximately one-third of its mature 
size. In the present study the floral inoculations were made well 
within the limits of this period. In the early studies inoculation was 
performed by using forceps to open the glumes (when closed flowers 
were inoculated) and to place the smut on the stigma. The smut 
was conveniently carried in a capsule placed in a clamp on a thumb 
ring as shown in figure 1. The device is an adaptation of the handy 
poUen carrier devised by Leighty and Sando {19), Previous experi- 
ence with this method had proved highly satisfactory in the inocula- 
tion of wheat flowers with U, tritici {24), It was found, however, 
in the case of barley that the method was slow and tedious because 
of the difficulty in opening the interlocking glumes, and that seed 
from flowei-s so inoculated is shriveled, low in vitality, and highly 
susceptible to injury when treated with Ceresan dust. Zeiner {S3) 
also employed a floral-inoculation method involving spreading of the 
glumes, and reported similar results relative to low seed vitality. 
Undoubtedly barley is more susceptible to injury from spreading the 
glumes than is wheat. The inoculation of barley flowers without 
spreading of the glumes may be readily accomplished by clipping the 
upper portion of the spikelet, thereby bringing the stigma into view. 
This method is objectionable because the removal of the awns 
adversely affects kernel development, as shown by Harlan and 
Anthony (7), 

A method of inoculation was evolved, however, that produced 
satisfactory results. It consists in dipping the pointed tips of forceps 
in the spore dust contained in the capsule of the thumb ring (fig. 1), 
then using the tips to pierce the central portion of one of the glumes 
and to insert inoculum on the stigma. By letting the inserted forceps 
expand slightly, the glume aperture is widened and the stigma is 
brought into view. If the tips of the forceps are spread slightly when 
placed in the spore dust and then pressed together, a considerable 
amount of inoculum is squeezed into the corrugations of the inner 
faces of the tips. This may be gradually deposited on the stigmas of 
from 5 to 10 successive flowers and results in a marked speeding of 
the work, reducing the time of inoculating a flower to but little more 
than that consumed in puncturing a glume. Seed developed from 
flowers thus inoculated was as plump and viable as that from unin- 
oculated flowers. It was found, however, that the seed from inocu- 
lated flowers still was susceptible to injury when treated with Ceresan 
blit was apparently wholly uninjured when immersed for 60 to 90 
minutes in a formaldehyde solution containing 1 part of a 3*^ to 
40-percent formaldehyde solution in 320 parts of water, followed by 
a thorough rinse in water. As noted later, there was need for an 
effective and nonin jurious medium to disinfect the surface and new- 
surfaoe parts of some of the seed from inoculated flowers. The modi- 
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fied method of i^culation and the formald^yde seed treatment just 
described were adopted after the first experiment. (Sm table X.) 

In the use of the modified inoculation method it is dutinctly advw- 
tageous to sift the smut through a 40-mesh sieve after its iremoVal 
from the head. This process removes extraneous material and 
facilitates the handling of the inoculum. It is also an aid in determift- 
ing the exact color of the mass of smut spores, the importance of 
which is shown later. 



FiQVBB l.>~Handy deyioe for use in inoculating barley flowers with loose smut. It consists of a thumb 
ring with a side damp to hold a capsule containing the Inoculum. The knob on top of the ring holds the 
upper part of the capsule when the device is in use. (Adaptation of a ]>ollen carriw devised by Leighty 
and Sando.) 

In addition to speed and apparent lack of interference with normal 
seed development, the above-described method has the following 
advantages. (1) Different collections of smut may be conveniently 
carried to the field in individual capsules placed in envelops appro- 
priately labeled. (In making the change from one collection of 
inoculum to another, only a few seconds are required to replace a 
capsule in the clamp of the thumb ring and to disinfect the forceps 
by flaming after immersion in alcohol.) (2) The insertion of inocu- 
lum only on the sticky stigma reduces to a minimum the chances of 
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contaminating flowers of adjacent heads with errant spores from the 
collection in use. (8) The small amounts of inoculum usually re- 
ceived from collectors may be used to advantage because none of the 
smut is wasted. 

EXPERIMENTAL RESULTS 

A test of two lots of barley in 1929 had shown that treatment of 
the naturally inoculated seed with Ceresan dust controlled the loose 
smut in a lot of Wisconsin Pedigree No. 5 from Wisconsin, but only 
slightly reduced it in a lot of Featherston from New York. These 
two varieties and the loose smuts collected from them were used in 
the following experiment conducted at the Arlington Experiment 
Farm, Rossljna, Va., near Washington, D. C., to determine whether 
suc.cess or failure in obtaining control through surface disinfection 
of the seed might be traceable to the smuts or to the barley varieties 
concerned. In April 1930, flowers and seeds of the Wisconsin Pe^- 
gree No. 5 in various stages of development, as shown in table 1, 
were inoculated bj hand with smut from each of the two varieties. 
Featherston was similarly inoculated. The plants bearing the flowers 
that were inoculated were grown from seed treated by the modified 
hot-water method and were smut-free and grown in a greenhouse 
that contained no smutted plants. The loose smut used to inoculate 
the flowers was fresh material collected from plants grown in another 
greenhouse from untreated seed of the same two lots. The seed 
collected from the inoculated heads was then sown in a greenhouse 
in the autumn of 1930. The results shown in table 1 were obtained 
in the spring of 1931. 

Tabljb 1. — Control of hose smut in barley as influenced by the varietal source of 
inoculum, variety inoculated, stage of anthesis at inoculation, and treatment of the 
seed with Ceresan in 1930-Sl 


Collec- 
tion no. 

Variety from 
which inoculum 
was obtained 

Variety 
inoculated > 

Stage of anthesis at 
inoculation 

Seed (from 
inoculated 
flowers) un- 

Total 
num- 
ber of 
plants 
in 1931 

Smutted 

plants 

of in- 
oculum 

treated or 
treated with 
Ceresan 

Num- 

ber 

Per- 

cent 



FpAt.herston 

Pollen peen 

/Untreated.. 

1 Treated 

/Untreated.. 
iTreated — 
/Untreated.. 

ITreated 

/Untreated.. 
ITreated 

/Untreated.. 

ITreated 

/Untreated.. 

ITreated — 
/Untreated.. 
iTreated — 
jUntreated.- 

iTreated 

/Untreated.. 
Treated — 

Untreated.. 

Treated 

Untreated.. 

54 

11 

20.4 

21.4 
33.3 
33.3 

19.5 
7.4 

16.7 

100 

F^thprsfnn 

do 

do 

Wisconsin Pedi- 

;poIlen ripe, flowers in 
bloom. 

rPolien shed, ovaries 

L K-H developed. 
|Pfi1lAn grftfm . 

28 

72 

36 

82 

54 

6 

24 

12 

16 

4 

13 

3 

17 

3 

f 

0 

A 1 



20 

81 

18 

67 

34 

5G 

24 

40 

18 

62 

43 



gree No, 5. 
-...do 

do - 

F^f.h^rst.pn 

/Pollen ripe, flowers in 
\ bloom. 

/Pollen shed, ovaries 

1 developed. 

Pollen greeUnx,, . 

15.0 

21.0 
36.7 

7.5 

2.9 

.0 

A 

101 

/Wisconsin Pedi- 
\ gree No. 6. 

....do 

do 

Wisconsin Pedi- 

/Pollen ripe, flowers in 
\ bloom. 

/Pollen shed, ovaries 

1 K-K 

H 

. U 
.0 
.0 
.0 
.0 
92.6 

A 



Oo 

OA 



snree No. 6. 

... .do.«.». 

iilM 

4% 

95 

35 

74 

44 

n 

93! 7 
.0 
93.2 
.0 



do........... 


69 

0 


^ 97 control plants of Featherston and 94 of Wisconsin Pedigree No. 5 were smut-firee. They were srown 
firom untreated seed of flowers that were not inoculated. 


841ia--86 2 
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Thfi data of talde 1 point to the con<duEdon tiiat the smut rather 
than the host variety determines whether or not loose smut in barley 
may be controlled through surface disinfection of seed from inoculated 
flowers. Featherston proved immune to the Wisconrin Pedigree 
No. 5 smut (collection no. 101). Wisconsin Pedigree No. 5, however, 
was highly susceptible to its own smut (collection no. 101), producing 
over 90 percent of smutted plants when the seed from inoculated 
flowers was untreated; when tne seed was treated with Ceresan dust, 
complete control of loose smut was obtained. The different stages of 
anthesis at the time of floral inoculation with this smut exerted no 
influence on the degree of smuttedness in plants from untreated seed 
or on riie effectiveness of seed treatment in the control of smut in 
plants from treated seed. The Ceresan seed treatment was ineffective 
on both varieties, however, when applied to seed from flowers inocu- 
lated in the bloom and prebloom sta^s with the Featherston smut 
(collection no. 100). Inoculation of the flowers with this smut 
shortly after bloonung, i. e., when the ovaries were beginning to 
enlarge, resulted in a decrease in the percentage of smutted plants 
and an increase in the effectiveness of seed treatment. These results 
with the Featherston smut with respect to stage of anthesis at inocula- 
tion parallel those obtained by Freeman and Johnson (5) with 
UstUago nuda. 

In 1931 and 1932 experiments were conducted in the spring to 
determine the ability of the Featherston and Wiscoirsin Pedigree No. 5 
smuts to produce smutted plants as a result of appl^g smut spores 
to mature barley seed. In 1931 seed of Alpha, Featherston, and 
Wlsconsia Pedigree No. 5 barleys was inoculated with each of the 
two smuts collected from its respective variety (collections nos. 100 
and 101). In 1932 these smuts again were used, butin most instances, 
as shown in table 2, they were collected from varieties other than those 
from which they were collected in 1931. This was done to determine 
any possible influence of the host variety on the pathomnicity of 
the causal fungus. Besvilts obtained by Tisdale and Griffiths (£9) had 
led them to suspect a relation of this kind. In 1932, seed of the 3 
varieties used in 1931 and of 7 or 8 additional varieties was inoculated 
with each of the smut collections (nos. 100 and 101). Also in 1932, 
seed of Esaw barley was inoculated with the smut (collection no. 106) 
that naturally occurs on and usually severely attacks this variety at 
the Arlington farm. Previous tests by Leukel (£0) had shown that 
treatment of the naturally inoculated Esaw seed with Ceresan or 
Semesan dusts was ineffective in smut control. In both 1931 and 
1932 the seed mther was obtained from plants unexposed to smut or 
was treated by the modified hot-water method. Following removal 
of the hulls, the seed was blackened with smut spores and immediately 
sown in moderately moistened soil in deep flats. The soil was main- 
tained at temperatures dose to 21** C. until the seedling emerged; 
then the plwts in the flats were placed outdoors to complete growth. 
The coUectionB of inoculum were obtained from plants grown in the 
greenhouse and in no case were more than 1 month old when applied 
to the seed. All of them proved highly viable in germination tests 
at the time the seed was sown. Besults of the test are presented in 
table 2. 
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TABiiS 2. — Ineidenoe of loose tmvi in varietiee of barley at a resvU of inoculatina 
mature seed with S loose smut collections 


Collec- 
tion no. 
of in- 
oculum 


Variety from which inoculum was 
obtained In— 


1931 


1033 


100 . 


101 


Featherston 


r ’lsconsin Pedi- 
gree No. fi. 


Featherston 

-—do 

do 

— do 

do 

do 

do 

—do 

do 

do 

Wisconsin Pedi- 
gree No. 6. 

— do 

do 


Alpha 

—do 

do 

do I 

do i 

— do 

— do 

—do 

— do 

do 


106 . 


^ ...do— 
Esaw... 


Varieties inoculated (in- 
oculum applied to ma- 
ture seedi) 


Alpha 

Featherston 

Wisconsin Pedigree No 5.. 

Alpha 

Black Barbless 

Colsees 

Featherston— 

Glabron 

Hannehen— 

Nepal 

Spartan 

Trebi 

Wisconsin Pedigree No. 5.. 
Alpha 

Featherston 

Wisconsin Pedigree No. 5.. 

Alpha - 

Featherston 

Wisconsin Pedigree No. 5-_ 

Alpha 

Black Barbless 

Coisess 

Esaw - 

Featherston 

Qlabron 

Hannehen 

Nepal 

Simrtan 

Trebi 

Wisconsin Pedigree No. f>.- 
Esaw 




Smutted 


Total 

plants 

Year of 

num- ' 



test 

her of 
plants 

Num- 

Per- 



her 

cent 

1931 

89 

0 

0.0 

1931 

87 

0 

.0 

1931 

80 

0 

.0 

1932 

78 

0 

.0 

1932 

54 

0 

.0 

1932 

34 

0 

.0 

1932 

104 

0 

.0 

1932 

24 

0 

.0 

1932 

66 

0 

.0 

1932 

114 

0 

.0 

1932 

44 

0 

.0 

1932 

64 

0 

.0 

1932 

122 

0 

.0 

1932 

76 

0 

.0 

1932 

114 

0 

.0 

1932 

104 

0 

.0 

1931 

117 

100 

85.5 

1931 

82 

9 

11.0 

1931 

79 

73 

92.4 

1932 

76 

62 

81.6 

1932 

28 

4 

15.4 

1932 

12 

4 

33.3 

1932 

156 

6 

3.8 

1932 

70 

12 

17.1 

1932 

6 

0 

.0 

1932 

40 

36 

90.0 

1932 

58 

0 

.0 

1932 

12 

0 

.0 

1932 

60 

i 60 

100.0 

1932 

112 

1 107 

95.5 

1932 

147 

0 

.0 


> Control plants from uninoculated seed of each of the varieties used in 1031 and 1932 also were grown and 
were uuamutted. In each year the number of control plants of each variety was equal to or slightly greater 
than the number of plants of the same variety grown from seed inooulated with smut collection no. lOJ. 


The data of table 2 give further proof of fundamental diflFerences 
relative to infection between the Featherston (collection no. 100) and 
Wisconsin Pedigree No. 6 (collection no. 101) smuts. In no case 
was the former able to produce smutted plants as a result of seed 
inoculation. The latter, on the other hand, produced smutted 
plants in 11 of the 14 tests involving 11 different barley varieties, the 
percentage of smutted plants in one case reach^ 100. The Esaw 
(collection no. 106) smut produced results similar to those of the 
Featherston smut. 

It is evident from the data of table 2 that the host vmeties from 
which the smuts were collected exerted no noticeable influence on 
the subsequent pathogenicity of any of the smut collections. 

The failure of the Featherston (collection no. 100) and Esaw (coh 
lection no. 106) smuts to produce smutted plants as a result of seed 
inoculation in this experiment was not due^ to a lack of viability or 
vitality. The same collections were again used several months 
later ^ Jime) at Ithaca, N. Y., in floral inoculations of most 
varieties that were seed-inoculated in the foregoing experiment.^ The 
high percentages of smut in plants grown from seed from the mocu- 
lated flowers {table 4) show that the collections were viable. ^ 

Evidence leading to definite proof that two specifically distinct 
loose smut fungi were responsiole for the results previousiy noted 
was obtained in an experiment conducted in the spring .of 1932. 



498 


Joumtd oj AgrieuUural Beemrch 


Vol..fl, no. e 


Seed of eight lots of naturalhr inoculated Alpha barley was treated 
for IX hours in a solution of 1 part formaldehyde in 320 pa^s of 
water, then thoroughly rinsed in water and sown at the ^hngton 
farm. At the same time untreated seed of each of the lots also 
was sown. The lots were collected in 1931 from fields in various 
parts of New York in which the incidence of loose smut was rela- 
tively high. When the plants headed, it was observed, as shown 
in table 3, (1) that some of the smutted heads were olivaceous brown 
while others were dark chocolate-brown and (2) that the formalde- 
hyde seed treatment effectively controlled the dark-brown smut 
but was ineffective in the control of the olivaceous-brown smut. 


Table 3. — Incidence and color of loose smut heads in 8 lots of naturally inoculated 
Alpha barley from New York, grown from seed untreated or treated for 1 ^ hours 
in a 1 to 320 formaldehyde solution 


Seed lot 
no. 

Seed untreated 
or treated with 
formaldehyde 
solution 

Total 
num- 
ber of 
heads 

Smutted heads 

Color of spore mass of loose smut 
beads 

Smut 

collec- 

tion 

no. 

Number 

Percent 


/Untreated 

332 

10 

5.7 

Dark brown ... 

118 


iTreated 

284 

0 

.0 




/Untreated 

222 

11 

5.0 

; Dark brown - 

ii9 


iTieated 

253 

0 

.0 



3 


244 

36 

14.8 

Dark brown 


ITreated 

267 

0 

.0 



A 

/Untreated 

104 

10 

5.2 

bark brown.-- .. 

**121 

2k 

(.Treated 

240 

0 

.0 



JE 

/Untreated 

108 

21 

10.6 

bark brown 

122 

0 

1 Treated 

266 

0 

.0 



a 

/Untreated 

180 

17 

0.0 

12 dark brown; 5 olivaceous brown... 

m 

0 

ITreated...,-,- 

240 

4 

1.7 

Olivaceous brown... - 

126 

ff 

/Untreated 

105 

16 

8.2 

Dark brown 

124 

4 

ITreated., 

228 

0 

.0 



A 

/Untreated 

160 

0 

5.3 

7 dark brown; 2 olivaceous brown 

‘ 'iM 

O 

(.Treated 

210 

3 

1.4 

Olivaceous brown.... 

127 


Table 3 shows that the formaldehyde treatment completely eradi- 
cated the dark-brown smut in all seed lots. In seed lots 6 and 8, in 
which both smuts were present, oidy the olivaceous-brown smut 
appeared in plants from treated seed. The data in table 3, there- 
fore, give substantial support to those in table 1 in showing that the 
reaction of barley to seed treatment with a surface ^sinfectant is a 
function not of the host variety but of the smut or smuts carried by 
the seed. 

^ Following the collection of the data presented in table 3, an inspec- 
tion of the color of the smut collections used in previous experiments 
(tables 1 and 2) was made. It was found that the Featherston and 
Esaw smuts (collections nos. 100 and 106^ respectively) were oli- 
vaceous brown and that the Wisconsin Pedigree No. 5 smut (collec- 
tion no. 101) was a distinctly darker brown, almost black, and that 
these color differences in spore mass held true r^ardless of the last 
variety from which the smut was collected. 

At this^ time, results showing further striking differences also 
were obtained from studies of the Featherston and Wisconsin Fedi- 

f ree No. 5 smuts and from studies of other olivaceous-brown and 
ark-brown^ collections, apart from the host plants. It was foimd 
that the olivaceous-brown-spored loose smut undoubtedly was the 
one referred to as UatU^o rmda (or one of its synonyms) in the 
npOTte of Jensen {12), ELellerman and Swingle {15), Maddox {21), 
Brefeld {!), Brefeld and Falck {2), Hecke {8, 9), Hori {10), Broili (S), 
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PLATE 1 



Heads of Alpha barley infected by (A) UHilagonuda and (B) V. nigra^ showing the darker color and 
frater compactness of the sort of the latter. Heads of Alpha barley infected by U. nv4a (C) and 
u. af^ra (D) previous to the rupture of the peridium. At this stage the color dllTerence in heads 
infected by the two loose smuts of barley is not r^ily distinguishable. Spore masses of U, nv4a (E) 
and U, nigra (FU showing the darker appearance of the latter. 
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and Freeman and Johnson (d), because it conformed to the descrip- 
tions of these early workers in regard to size, color, and eehinulate 
markings of spores, spore germination by production of a promy- 
celium that does not bear sporidia, and ability to infect the host omy 
thro^h the flowers with subsequent hyphal penetration so deeply 
within the seed that the fungus is able to sumve the action of seed- 
surface disinfectants. On the other hand, in addition to the dis- 
tinguishing characters of the dark-brown loose smut previously 
noted, i. e., the darker color of its spores, ite ability to produce seed- 
ling as well as floral infection, and its inability to survive the Ceresan 
dust and liquid formaldehyde treatments applied to seed from 
inoculated flowers, it was foimd that its chlamydospores are larger 
than those of Ustilago nuda and that on certain media they germinate 
by producing a promycelium bearing typically four lateral sporidia. 
Its chlamydospores, like those of U. nuda, are eehinulate. 

In an earlier paper the writer (S6) proposed the name Ustilago 
nigra for this newly described darker spored loose smut. A compari- 
son of the color of the spore masses of U. nuda and U. nigra and of 
the appearance of heads of Alpha barley affected with these smuts is 
shown in plate 1. The terms “brown” and “black” loose smuts of 
barley are proposed for U. nuda and U. nigra, respectively. 

The foregoing studies on control of the two loose smuts of barley 
through surface disinfection of seed from inoculated flowers (tables 1 
and 3) were restricted in regard to the number of host varieties and 
smut collections used. However, in 1932 and 1933, new collections 
were incorporated in further tests. In an e^eriment begun in the 
spring of 1932 at the Arlington farm and at Ithaca, N. Y., 22 smut 
collections from four States and 11 barley varieties were employed, 
as shown in table 4. Flowers of field-grown plants were inoculated 
by hand at or close to the blooming period. Seed from the inoculated 
flowers was collected at maturity and a part of each of the different 
lots was treated with formaldehyde solution (1 to 320) for 1 hour, 
then thoroughly rinsed in water and spread to dry for several days. 
Untreated and treated portions of each lot then were sown in a 
greenhouse at the Arlington farm in the autumn of 1932. At 
heading time in the spring of 1933, both olivaceous-brown {Ustilago 
nuda) and dark-brown {U. nigra) smut heads appeared in many of the 
lots. Evidentiy the smut coftections used in the flor^ inoculation 
of such lots were mixed ctiltures of both species. Examination of the 
color and germination tests of renanant portions of the collections 
used in the floral inoculations confirmed this view. Soon after 
emergence, therefore, all of the smut heads were individually bagged. 
Later, when the heads were collected the olivaceous-brown and dark- 
brown heads from each of the various smut collections on each of the 
different varieties were sorted. Spores then were picked from a repr^ 
sentative number of heads of each of the sorted lots and germinated 
on 2-percent potato-dextrose agar at approximately 21° C. in oroer to 
verify the species. On this medimn the chlamydospores of U. rngra 
germinate and produce a promycelium bearing usually fom lateral 
sporidia, and the chlamydospores of U. jiMda,produce a promycehum 
without sporidia. The species collected from smutted plants from 
the various lots of untreated and treated seed, as so determmed, are 
included in the data on control presented in table 4. 
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Tablb 4. — Control, of Ustilago nuda and U. nigra in plants of 11 varieties of barley 
grovm from seed from flowers inoculated by hand mth 1 or more of collections 
of loose smut from varioits varieties and localities in the United Stales 


[Seed untreated or immersed tor 1 hour in a solution of 1 part of formaldehyde in 320 parts of water] 



Variety and locality from which 
amnt was ooHeoted In 1982 


BeedCfrom 
inoculated 
flowers) un- 

Smut 



Varieties florally 
inoculated i 

coUeo* 

tlon 

no. 

Variety 

Locality 

treated or 
treated with 
formalde- 
hyde 


fFeatfaerston 

— do. 

Bosslyn, Va. 
do 

Alpha 

do 

Untreated.. 
Treated — 


Wisconsin Pedi- 

do 

do 

Untreated.. 


gree No. 6. 

— do. 

.....do.. — 

do 

BiiiWi 


Featherston 

do.. 

Colsess 

Untreated.. 


— do 

do 

do 

Treated 


. — do 

do 

Featherston 

Untreated.. 


— do 

— ..do...... 

do 

Treated — 


Wisconsin Pedi- 

do.. — 

do 

Untreated.. 


gree No. 6. 
-...do 

do 

do 

Treated.... 

100— 

Featherston 

do 

Olabron 

Untreated.. 


.do....— 

.. ,.do 

Treated — 
Untreated.. 


— do-- 

do 

Hannchen...... 


— do 

,. — do...... 

do.. 

Treated — 


.•..do....,..,.. 

do 

Nepal 

Untreated.. 



do...... 

do 

Treated — 
Untreated.. 


.—do... ....... 

.....do...... 

^bi 


do.-,..-.... 

do....— 

do... 

Treated 


—..do... 

do 

Wisconsin Pedi- 

Untreated.. 


....do.......... 

do.. — 

gree No. 5. 

— !.do 

Treated 


— do.. 

do 

Wisconsin Win- 

Untreated.. 


— do.... 

do 

ter. 

Treated 


Wisconsin Pedi- 

do 

Alpha 

Untreated.. 


gree No. 6. 

— do.. 

do 

—..do.. 

Treated — 


« w * « do « flb w « 

do 

Oomtort— 

Untreated.. 


....do..——... 

.....do...... 

do— 

Treated — 


....do..^ 

/|n 

Colsess.......... 

Untreated.. 
Treated — 
Untreated.. 


....do 

.....do...... 

do 


— do.. 

do. 

Featherston 


....do......—,. 

do 

do.. 

Treated — 


do.. 

do 

Olabron 

Untreated.. 

101... 

do.. 

do.. 

„..,do.-.. 

Treated — 
Untreated.. 

— do 

do 

Hannchen 


— do.. 

do 

do.. 

Treated — 


....do 

do— — 

Trebi 

Untreated-. 


— do.. 

do 

do..— ..... 

Treated — 


-..-do.......... 

— ido 

Wisconsin No. 

Untreated.. 


— do.. 

do 

oo« 

.do.......... 

Treated-... 


-...dQ...,.— ... 

do 

Wisconsin Win- 

Untreated.. 


do.. 

..do...— . 

ter. 

.....do...— 

Treated. — 
Untreated.. 


Esaw 

do 

Alpha 


.—do 

do 

do 

Treated 

109... 

.—do.. 

do 

Wisconsin Win- 

Untreated.. 


-...do..-.— .... 

do—.— 

ter. 

.....do..——..... 

Treated — 


Wisconsin Win- 

do 

—do.... 

Untreated.. 

107 

ter. 

—do... 

.....do...... 

do 

Treated 

108— 

Beardless No. 9.. 

.—.do...... 

Alpha 

Untreated.. 

— do 

.....do. ..... 

do 

Treated.... 


iAipha. - 

....•do...... 

do 1 

Untreated- 


^...do. 

do 

.....do.......... 

Treat^ — 

109— 

-^-do 

do 

Wisconsin Win- 

Untreated.. 


1 

do 

do 

ter. 1 

.....do.--..*—. 

Treated — 


iRowan.. — 

Raleigh, 

N.O. 

.—.do 

. 

Untreated.. 

Treated 

110,-. 

—do 

— -dO--.— .... 


—do 

Middlebitfg, 

do— 

Untreated.. 

118-.. 

-...do.... — .. 

— —do...... 

.....do— ........ 

Treated... - 

14... 

do.......... 

Hillsboro, 

.....do.......... 

Untreated.. 

,.-.dO-M 

if 

I 

1 

1 

do 

Treated — 

See footnote at end of table. 




Total 

num- 

ber 

of 

Plants 

Smutted 

plants 

Species of 
loose smut 
(U. niufaor 
U. ntora) 
collected from 
smutted 
heads in 1933 

Num- 

ber 

Per- 

cent 

38 

16 

39.6 

U, nuda. 

24 

7 

20.2 

Do. 

23 

13 

66.5 

Do. 

38 

20 

62.6 

Do. 

24 

12 

60.0 

Do. 

36 

19 

62.8 

Do. 

23 

2 

8.7 

Do. 

46 

1 

2.2 

Do. 

23 

7 

80.4 

Do. 

41 

18 

43.0 

Do. 

16 

2 

12.5 

Do. 

36 

5 

13.0 

Do. 

24 

23 

06.8 

Do. 

36 

16 

44.4 

Do. 

9 

4 

44.4 

Do. 

16 

7 

43.8 

Do. 

21 

0 

.0 


20 

0 

.0 


38 

16 

48.6 

17. nuda. 

62 

6 

11.6 

Do. 

85 

25 

29.4 

Do. 

167 

23 

13.8 

Do. 

29 

22 

75.9 

U, nigra. 

41 

0 

.0 


20 

14 

70.0 

U. nigra. 

32 

0 

.0 

19 

9 

47.4 

V. nigra. 

31 

0 

.0 

63 

0 

.0 


78 

0 

.0 


9 

2 

33.3 

U. nigra. 

8 

0 

.0 

13 

11 

84.6 

U. nigra. 

32 

0 

.0 

40 

22 

66.0 

U. nigra. 

62 

0 

.0 

26 

0 

.0 


41 

0 

.0 


74 

41 

66.4 

U. nigra. 

168 

0 

.0 


12 

8 

25.0 

U. nuda. 

86 

4 

11.4 


64 

26 

49.3 

U. nuda. 

100 

28 

28.0 


69 

39 

62.2 

U. nigra. 

146 

0 

.0 


28 

2 

7.1 

17. nuda. 

68 

4 

9.9 

Do. 

26 

28 

20 

8 

79.9 

28.9 

Both species. 
17. nuda. 

80 

41 

61.3 

Both species. 

168 

6 

8.6 

17. nuda. 

10 

9 

90.0 

U. nigra. 

13 

0 

.0 


18 

12 

92.3 

Both species. 

18 

2 

11.1 

U, nuda. 

13 

18 

92.3 

Both species. 

20 

1 

6.0 

17. nuda. 
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Table 4..— Control of Ustilago nvda and U. ntgra tn plants of 11 varieties of barley 
grj^ from s^ from flowers by hand mth 1 or more of SS oMecUm '. 

of loose smut from vartous oanetses and localities in the United Ste«e#— Continued 


Smut 

coUeo-| 

tiou 

no. 


116., 

116., 

117.. 

119, 

120 .. 
126.. 

129.. 

133.. .! 

134.. 

136.. 

136.. 

137.. 

138.. 


Variety and locality from which 
smut was collected in 1932 


Variety 


Colsess — 

— do , 

— do 

— do 

....do 

do 

Black Barbless.. 

do 

— do 

— do 

— do I 

do 

Alpha 

do 

do 

do 

— do 

, — do 

/....do 

\-...do.... 
'Spartan,.. 

....do 

...,do 

do.. . 

...do 


do 

do.. 

— do 

— do.. 

do 

— do 

do 

Alpha 

— do 

— do 

— do 

— do 

-- .do I 

Wisconsin No. ' 
38. 

...do 

...do 

...do I 


Locality 


Varieties llorally 
inoculated 1 


Rosslyn, Va 

do 

do..... 

do 

Watson, Va 

do 

Rosslyn, Va 

— do 

do 

do 

do 

-.-do 

— do 

do 

do 

-do..-. 

do 

— do 

do 

do 

do 

— .do.. . 

do 

do 

B u c h anan 
County, 
Mo. 

— do 

do 

-- --do 

do. 


do, 

Ithaca, 

do. 

do. 

do. 

do- 

do. 

Mari 
N. Y, 

do. 

Ithaca, 

do. 

....do. 


N. Y 


on , 

5f.Y 


.do 


Alpha 

do 

Colsess. 

do 

Alpha 

do 

— do., 

do 

Comfort 

do 

Wisconsin Win- 
ter. 

do 

Alpha 

do — 

do_ 

do 

Comfort 

do 

Alpha 

do 

do 

do 

llannchen 

do.. - 

Alpha 


Seedffrom 
inoculated 
flowers) un« 
treated or 
treated with 
formalde- 
hyde 


do 

Comfort - 

. ..do 

Wisconsin No. 


do... 

Alpha.... 

do... 

—do... 

do... 

Comfort-. 

do... 

Alpha 


do 

do 

do 

Wisconsin No. 
38. 

do 


Untreated. 

Treated... 

Untreated. 

Treated... 

Untreated. 

Treated... 

Untreated. 

Treated... 

Untreated. 

Treated... 

Untreated. 

Treated.. - 
Untreated. 
Treated.. - 
Untreated. 
Treated... 
Untreated. 
Treated.... 
Untreated- 
Treated.... 
Untreated.. 
Treated---. 
Untreated. 
Treated ... 
Untreated . 


Treated — 
Untreated.. 
Treated — 
Untreated.. 

Treated — 
Untreated.. 
Treated.... 
Untreated.. 
Treated — 
Untreated.. 
Treated — 
Untreated.. 

Treated — 
Untreated.. 

Treated 

Untreated.. 

Treated — 


Total 

num- 

ber 

of 

plants 

Smutted 

plants 

Num- 

ber 

Per- 

cent 

18 

6 

33.3 

27 

6 

22.2 

20 

7 

35.0 

40 

7 

17.5 

15 

15 

100.0 

21 

1 

4.8 

7 

7 

100.0 

22 

1 

4.5 

16 

14 

87.6 

30 

1 

3.3 

81 

21 

26.9 

168 

28 

16.7 

13 

13 

100.0 

19 

0 

.0 

42 

42 

100.0 

42 

0 

.0 

31 

21 

67.7 

43 

0 

.0 

37 

16 

43.2 

37 

15 

40.5 

20 

7 

35.0 

31 

9 

29.0 

46 

31 

67.4 

47 

16 

34.0 

13 

8 

61.5 

19 

0 

.0 

12 

11 

91.7 

31 

0 

.0 

66 

8 

12.1 

57 

0 

.0 

6 

2 

33.3 

18 

4 

22.2 

16 

14 

87.5 

25 

7 

2&0 

34 

20 

58.8 

45 

4 

8.0 

3 

3 

100.0 

12 

2 

16.7 

7 

6 

85.7 

18 

5 

27.8 

12 

7 

58.3 

21 

6 

28.6 


Species of 
loose smut 
(U. nuda or 
U, nigra) 
collected from 
smutted 
heads in 1933 


Both species. 
U. nuda. 
Both species, 
U. nuda. 
Both specie 
U, nuda. 
Both species. 
U. niiaa. 
Bothspedes. 
U. nuda. 
Both species. 

17. nuda, 

17. nigra. 

U. nigra. 

U, nigra. 

U. nuda. 

Do. 

Both species. 
U. nuda. 
Both species. 
t7. nuda. 

17. nigra. 


V. nigra. 
17. nigra. 


C7. nuda. 

Do. 

Both species. 
17. nuda. 
Both species 
17. nuda. 
Bothspedes. 

17. nuda. 
Bothspedes. 

17. nuda. 
Both spedes. 

U. nuda. 


1 Control plants also were grown, from seed of heads not artiflcially inoculated, of each of the varieties 
used in the floral inoculation test. 100 seeds of eiKsh variety were sown and from 83 to lOOplants matured. 
A trace of loose smut ( V. nigra), resulting from natural infection, appeared in Wisconsin Winter. Control 
plants of the other varieties were smut-free. 


The data in table 4 confirm and amplify those in tables 1 and 3 in 
showing that the treatment of seed from inoculated flowers with 
certain surface disinfectants is highly effective in the control of 
Ustilago nigra but relatively ineffective against U. nuda. In lots in 
which both species appeared in plants from untreated seed, U. nigra 
was completely controlled as a result of seed treatment and only 
U. nuda appeared in the plants from treated seed, v Attention is 
directed particularly to the action of the formaldehyde seed treatment 
on control of the loose smuts in Wisconsin Winter in this e?:perimentE 



502 


Journal of Agrundtund Beaeareh 


vd. ti, BO. s 


Naturally inoculated seed of this variety fro.ni the agronomy plots 
at the Arlington farm was used by Tisdale et al. (SI, 3S), Taylor and 
Zehner (27), and Leukel (20) in a series of seed-treatment studies, 
conducted in 9 of the 10 years from 1021 to 1930, in which treatment 
of the naturally inoculated seed with formaldehyde and various organic 
mercury solutions and several chemical dusts invariably resulted in 
effective control of the loose smut. In the writer’s test (table 4) 
similar results were obtained when Wisconsin Winter was florally 
inoculated with the smut that naturally occurs on it at the Arlington 
farm (collection no. 107, table 4). Floral inoculations with U. nigra 
(collection no. 101) gave similar results. However, different results 
were obtained when the inoculations were made with collections that 
contained U. nuda alone (collections nos. 100 and 106) or in mixture 
with U, nigra (collections nos. 109 and 117). It is therefore evident 
from this ^d the other examples in table 4 that treatment of b^ley 
seed from inoculated flowers with surface disinfectants may eradicate 
loose smut, partially control it, or prove ineffective in control, depend- 
ing upon the loose smut or smuts carried by the seed and irrespective 
of the barley variety concerned. Doubtless to this fact may be 
attributed the conflicting reports cited under Keview of Previous 
Investigations or regarding the control of loose smut in barley through 
treatment of the seed with surface disinfectants. 

Of the varieties florally inoculated with UstUago nvda, seed treat- 
ment effected partial control in some cases, as shown in table 4. This 
may have been because some of the florets were inoculated after the 
fertilized ovaries had begun to enlarge. The very rapid rate of 
development of barley kernels following fertilization has been shown 
by Harlan (6). Apparently the depth of penetration of the infection 
hyphae into the young seed tissues is restncted under these conditions 
and the hyphae are consequently less protected from the action of 
surface or subsurface disinfectants applied to the seed. As noted in 
table 1, partial control of U. nuda (collection no. 100) also was 
obt^ed by inoculatii^ flowers of Featherston and Wisconsin 
Pedi^ee No. 5 when the ovaries were one-fourth to one-third devel- 
oped and the seed was treated with Cercsan dust. Freeman and 
Johnson ($) have reported similar results. 

With reference to varietal resistance and susceptibility, table 4 
shows that Featherston was resistant to UstUago nvda (collection no. 
100) and immune to U. nigra (collection no. 101). In earlier experi- 
ments, however, this variety proved fairly susceptible to U. nuda 
(collection no. 100, table 1) when grown from seed from iuoculated 
flowers, and only moderately resistant to U. nigra (collection no. 101, 
table 2) when grown from seed inoculated at the time of sowing. In 
these expei^ents, therefore, seed inoculation with U. nigra proved 
more effective than floral inoctilation in the production of smutted 
plants in Featherston. Trebi proved immune to U. nuda (collection 
no. 100) but highly susceptible to U. nigra (collection no. 101). 
None of the other varieties was markedly resistant to either of the 
loose smuts. Alpha and Hannchen were highly susceptible to both 
U. nvda mdU. nigra. 

The foregoing comparative studies of UstUago nuda and U. nigra 
relative to the production of smutted plants as a result of seed inocu- 
lation and seedling infection have been limited to three smut collec- 
tions (nOs. 100, 101, and 106), as shown in table 2, The results of 
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further seed-inoculation studies, made in the spring of 1933 at the 
Arlington farm, are presented in table 5. Five loose smut collections 
(nos. 110, 120, 126, 133, and 134) not used in the previous seed- 
inoculation test were employed. They were collected from plants 
grown in a greenhouse and used in the preceding experiment. The 
seed of the varieties inoculated was first treated with hot water 
(modified method), left to dry during several days, lalackened with 
smut, and then immediately sown in deep flats in moderately moist 
soil maintained close to 21° C. until the seedlings had fully emerged. 
Then the plants in fiats were placed outdoors to complete growth. 
A germination test of each of the smut collections at sowing time 
showed that all were highly viable. Results from a seed inoculation 
of Esaw with smut collection no. 101 {V. nigra) also are included in 
table 6 because they show an influence of the host from which the 
smut is collected on the pathogenicity of the inoculum imder certain 
conditions. 

Table 5. — Incidence of hose smut in varieties of barley as a result of inoculating 
mature seed with t collections of Ustilago nuda and 4 of U. nigra 


Coll ectioQ 
no of 
inoculum 

Vatilago 
species of 
loose smut 

Variety ft’om which smut 
was collected in— 

Variety Inocu- 
lated (inoculum 
applied to 
mature seedli 

Total 
number 
of plants 

1 Smutted plants 

1032 

1933 

Number 

Percent 

101 

U ntora 



Esaw 

Trebi 

Esaw 

do 

03 

88 

36 

4 

38.7 

4 5 



Unwnn 

AlphA 

Alpha. 

38 

4 

las 

110 


do 

.* do 

Hanochen., 

46 

0 

.0 



do 

do 

Trebi 

42 

0 

.0 



Alpha 

- -.do 

Alpha 

36 

14 

38.9 

120 

-..-do 

— do 

- - do 

Hannchen 

42 

12 

28.6 



----do 

— do... — 

Trebi 

42 

13 

31.0 





do 

Alpha 

30 

4 

13.3 

133 

— do 


.. --do 

Hannchen... 

46 

10 

21.7 





do 

Trebi 

28 

2 

7.1 



Alpha. _ - _ 

do — - 

Alpha 

70 

0 

.0 

126 

U, nuda. -- 

■ do. 

do— 

Hannchen 

01 

0 

.0 



— do 

do 

Trebi 

86 

0 

.0 



do 

do 

Alpha 

67 

0 

.0 

134 - 

do 

— do 

do 

Hannchen 

92 

0 

.0 



, — do 

do 

Trebi - 

83 

0 

0 


* From 78 to 05 control plants from uninoculated seed of each of the varieties also were grown, and were 
smut-free. 


The data of table 5 show that all of the Ustilago nigra collections 
(nos. 101, 110, 120, and 133) were able to produce smutted plants 
as a result of seed inoculation and seedling infection. The 17. nuda 
collections (nos. 126 and 134) were wholly unable, however, to produce 
smutted plants through seed inoculation despite the fact that, as 
previously shown (tatne 4), at least in the variety Alpha, they were 
able to produce high percentages of smut in plants grown from seed 
from inoculated flowers. These results confirm those obtained in the 
previous seed-inoculation test (table 2) with Z7. nuda (collections nos. 
100 and 106) and U. nigra (collection no. 101). 

The data of table 5 also show that when Esaw was seed-moculated 
with smut collection 101 {UsiUago nigra) from Esaw a considerably 
higher percentage of infected plants was obtained than when it was 
inoculated with smut collection 101 (C7. nigra) ^ from Trebi. The 
Esaw and Trebi plants that furnished the smut in 1933 were grown 
from seed from flowers inoculated with the same smut collection 
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(27. ni^a no. 101) from Alpha in 1932. Tisdale and Griffiths 
obtained similar results with other bm'leys and loose smut collections 
and suggested that the host variety mig^t affect the pathogenicity 
of the inoculum through a definite influence on either (1) the parasit- 
ism of a single physiologic form or (2) alteration in the relative content 
of two or more component physiologic forms. 

USTILAGO NIGRA IN RELATION TO PREVIOUS INVESTIGATIONS 

Knowledge of the occurrence of UstUago niffra in the United States 
appears to explain the conflicting reports relative to barley-seed treat- 
ment with siirface disinfectants as previously noted, and also seems 
to facilitate an interpretation, of the hitherto xmexplained results of 
the previous investigations of Tisdale and Tapke (SO) and Taylor 
and Zehner (S8). 

In 1924 Tisdale and Tapke (30), unaware of the existence of TJstii<igo 
nigra, reported their discovery of the “infection of barley by UstUago 
nuda through seed inoculation.” In the present investigation, how- 
ever, as shown in tables 2 and 5, the results of the writer have con- 
firmed those of previous investigators (2, 3, 5, 10, 16) in showing that 
U. nuda is wholly incapable of producing smutted plants as a result 
of the inoculation of mature barley seed with smut spores. That the 
loose smut used by Tisdale and Tapke (SO) was £7. nigra 8ee.ms likely 
in view of the fact that their inoculum was collected from Tennessee 
Winter grown at the Arlington farm in 1922. Examination by the 
writer of collections of the loose smut naturally occurring on this 
variety at that place for the past 5 years has shown that only U. 
nigra was present. Furthermore, in a series of seed-treatment studies 
conducted by Tisdale et al. (SI, S2), Taylor and Zehner (27), and 
Leukel (20), in 9 of the 10 years from 1921 to 1930, naturally inocu- 
lated seed of Tennessee Winter from the Arlington farm was among 
the varieties employed, and its loose smut invariably proved amenable 
to control through treatment of the naturally inoculated seed with 
surface disinfectants. As shown in tables 1, 3, and 4, U. nuda is not 
controlled by this measure. 

That Tisdale and Tapke (SO) were working with Ustilago nuda and 
not U. nigra might be assumed from the fact that in a cytologic 
examinatiou of seeding grown from inoculated seed on moist paper, 
at approximately 21® C., it was clearly shown that the promycelia of 
the germinating chlamydospores directly penetrated the tissue of the 
coleoptile and young leaves. In no instance did they bear the sporidia 
characteristic of U. nigra when germinated on potato-dextrose agar. 
The production or nonproduction of sporidia by the promycelium of 
the germinating chlamydospore cannot be used, however, as a diag- 
nostic character of the species under all conditions. Promycelia of 
U. nigra may be made to produce sporidia abundantly or sparsely 
or to branch freely without production of any sporidia by using 
different substrata on which to germinate the spores. Jones (14) and 
Hiittig (11) have obtained similar results with other cereal-smut fungi 
through the use of low or high temperatures, and Kolk (17) also has 
observed the direct penetration of an oat seedling by the germ tube 
of a chlamydospore of the loose smut fungus of oats (u. avenae 
(Peis.) Jens.), wnich normally produces sporidia in culture. 

In 1931 Taylor and Zehner (28) reported their results on the effect 
Qf^depth 6f s^ing on the occurrence of covered and loose smuts in 
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winter barley at the Arlington farm. Thev found that both loose 
and covered smuts were materially increased in the Wisconsin Winter 
variety when the naturally inoculated seed was sown 3 inches deep, 
as compared with their occurrence when the seed was sown one-half 
inch deep. However, the varieties Esaw and Beardless No. 6, also 
grown from naturally inoculated seed, “showed no significant differ- 
ence in loose-smut infection from variation in seeding depth.” Owing 
to resistance, the two last-named varieties yielded no data' on covered 
smut. In 1932, the writer collected loose smut at the Arlington farm 
from each of the same three barleys previously used by Taylor and 
Zehner. These smuts were used in 1932 and 1933 in the floral-inocu- 
lation seed-treatment experiment summarized in table 4. Conclusive 
evidence was obtained that the smut collected from Wisconsin Winter 
was Ustilago nigra and the smuts from Esaw and Beardless No. 6 
were U. niida. jBHirther studies on the color of the sifted spore masses 
of these smuts and their mode of germination on 2-^ercent potato- 
dextrose agar confirmed their identity as noted. It seems likely, 
therefore, that Taylor and Zehner also were dealing with U. nigra on 
Wisconsin Winter and U. nuda on Esaw and Beardless No. 6. On 
this assumption the results of Taylor and Zehner might be explained 
as follows; Hecke (9), Broili (3), Broili and Schikkorra (4), and Lang 
(18) have shown that following floral inoculation U. nuda penetrates 
deeply within the developing seed and has thoroughly ramified the 
tissues of the embryo and endosperm by the time the seed is ripe. 
Therefore, infection, the critical point in the life of the parasite, has 
been well established before sowing, and subsequent influences brought 
about by variation in depth of seeding would not apply to this phase. 
In the case of U, nigra on Wisconsin Winter, however, the growth of 
the fungus following floral infection appears to be confined to the 
superficial layers of the seed, as evidenced by the fact that surface 
disinfection of the seed with formaldehyde solution effects complete 
control (table 4). With U. nigra, therefore, infwtion of the seedling 
remains to be accomplished when the seed is ripe, and variation in 
environment or in seedling susceptibility brought about by different 
depths of seeding might reasonably be expected to exert an influence 
on infection and on tne degree of smuttedness in the plants. 

CONCLUSIONS 

Ejiowledge of the occurrence of Ustilago ni^a in the United States 
seems to explain the variable results in control hitherto obtained from 
the application of surface disinfectants to barley seed harboring loose 
smut. It should also effect a reduction in loss from loose smut 
through a wider use of the easily applied surface di^fectants where 
it is known that the nigra species is the causal oi^anism. Knowledge 
of the occurrence of V. nigra doubtless also should facilitate studies 
on (1) the genetic relation of the bailey smuts, (2) the ocourrmce of 
physiologic forms in the barley loose smuts, and (3) breedmg for re- 
sistance to these smuts. 

SUMMARY 

Durii^ the past 20 years it has been frequently reported in the 
Un'ted ^ates wat loose smut in barley may be reduced or eliminated 
through treatment of the harboring seed with certain easily appUed 
surface disinfectants. This, is at variance with the reports of all of 
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the earlier and some of the recent investigators, who have found that 
it is necessary to apply the difficult modmed hoWater treatment or 
its equivalent in order to control loose smut in barley through seed 
treatment. 

The present investigation has shown that in addition to the well- 
known loose smut of barley caused by UstUaao nuda (Jens.) Kell, and 
Sw. a second barley loose smut caused by 17. nima Tapke is widely 
distributed and causes considerable loss m the United States. The 
latter species is controllable through treatment of the seed with cer- 
tain sunace disinfectants, and doubtless has been the factor responsi- 
ble for the conflicting reports noted above. 

Ustila^o nigra resembles U. nuda in the appear^ce of smutted 
hea^, in the emergence of smutted heads and dissemination of spores 
during the heading and flowering period of unsmutted plants, and in 
the inoculation of the host through the flowers. 

UstUago nigra may be distinguished from U. nuda by the following 
characteristics: (1) The color of the spore mass of U. nigra on fully 
emerged heads is dark chocolate-brown, whereas that of U. nuda is 
olivaceous brown. (2) In seed from flowers inoculated at blooming, 
TJ. nigra is amenable to control through seed treatment with certmn 
surface disinfectants. The modified hot-water treatment or its 
equivalent is necessa^ to control U. nuda. (3) On 2-percent potato- 
dextrose agar at 70° F., the spores of U. nigra germinate by producing 
a prqmycdium bearing typically four lateral sporidia. Under these 
conditions the spores of U. nuda produce a promycelium that does 
not bear sporidia. (4) U. nima is able to produce smutted plants 
through infection of the seedung as a result of inoculating mature 
barley seed, as weU as through infection of the flowers. U. nuda is 
able to produce infection only through the flowers. 

Some of the most important varieties of barley in the United States 
are highly susceptible to UstUago nigra. 

To mcuitate distinction, the terms “ brown ” and “black ’’ loose smut 
of barley are proposed for UstUago nuda and U. nigra, respectively. 

LITERATURE CITED 

(1) Bhbfeld, O. 

1903. NBUB UNTEBSTJCHUNOBN UND BBOBBNI88E OBER DIB NATOBUCHB 
INFEKTION tTND VERBREITtmo DEB BBANDKRANKHEITEN DB8 

OETREiDES. Nacbr. Elub Landw. Berlin 466; 4224-4234. 

(2) and Falck, R. 

1905. DIE bdOtbninfbktion bei den brandpidzen und die natObuchb 
VERBREITUNO DEB BBANDKRANKHEITEN. In Brefold, Unter- 
suchungen aus dem Gesammtgebiete der Mykologie, Heft 13, 
74 pp., iUus. Mttnster. 

(3) Bboili, J. 

1910. TEBSUCHB MIT BBAND-INFEKTION ZT7R EBZIELtTNO BBANDFBEIBB 

GEBSTENeTXMME. NatuTW. Ztscbr. Foret u. Landw. 8: 335-344, 
illus. 

(4) and Schikkorba, W. 

1913. BEITRXOB ZTTB BIOLOOIB DES OBRSTENFLUOBRANDBB (X78TII.AOO 
HORDEi NUDA JEN.). Ber. Deut. Bot. Geeell. 31: 336-339, illus. 

(5) Freeman, E. M., and Johnson, E. C. 

1909. THE LOOSE SMUTS OF BABLBT AND WHEAT. U. S. Dept. Agr., Bur. 
Plant Indus. Bull. 152, 48 pp., illus. 

(6) Hablan, H. V. 

1920. DAILY DEVELOPMENT OF KBBNELB OF HANNCHEN BARLEY FROM 
FLOWBBING TO MATURITY AT ABERDEEN, IDAHO. Jour. Agr. 
Research 19: 393-480, illus. 




swt. u. IMS Control 0 / Barl^ Loose Smut Through Seed Treatment 507 


(7) Hablan, H. V., and Anthony, 8. 

1920. DBVBLOBMENT OF BARLEY KERNELS IN NORMAL AND CLIPPED 
SPIKES AND THE LIMITATIONS OP AWNLESS AND HOODED VARIETIES 

Jour. Agr. Research 19: 431-472, illus. 

(8) Hecke, L. 

1904. EIN INNBRER KRANKHEIT8KEIM DE8 PLUGBRANDES IM GBTRBIDE- 

KORN. Ztschr. Landw. Versuchsw. Osterr. 7: 59-64. 

(9) 

1905. ZTTR THEORIE DER BLOTBNINFEKTION DES GETBEIDES DUBCH 

PLXJGBRAND. Ber. Deut. Bot. Gesell. 23: 248-250, illus. 

(10) Hobi, S. 

1907. SEED INFECTION BY SMUT PUNOI OF CEREALS. BuU. Imp. Cent. 
Agr. Expt. Sta. Japan 1: 163-176. 

(11) HOttig, W. 

1931. tlBER DEN EINFLUSS DEB TEMPERATUB AUP DIE KEIMUNG UND 

GESCHLECHTER VEBTEILUNG BBI BRANDPILZEN. Ztschr. Bot. 

24: [5291-577, illus. 

(12) Jensen, J. L. 

1888. THE PROPAGATION AND PREVENTION OP SMUT IN OATS AND BARLEY. 

Jour. Roy. Agr. Soc. England (2) 24: 397-415. 

(13) Johnson, A. G. 

1914. EXPERIMENTS ON THE CONTROL OF CERTAIN BARLEY DISEASES. 
(Abstract) Phytopathology 4: 46. 

(14) Jones, E. S. 

1923. INFLUENOlfi OF TEMPERATURE, MOISTURE, AND OXYGEN ON SPORE 
GERMINATION OP usTiLAGO AVENAE. Jour. Agr. Research 24: 
577-591, illus. 

(15) Kellerman, W. a., and Swingle, W. T. 

1890. report on the loose smuts op cereals. Kans. Agr. Expt. Sta. 
Ann. Rept. (1889) 2: 213-288, illus. 

(16) Kirby, R. S. 

1927. diseases of small grains. N. Y. Agr. Col. (Cornell) Ext. Bull. 
157, 71 pp., illus. 

(17) Kolk, L. a. 

1930. RELATION OP HOST AND PATHOGEN IN THE OAT SMUT, USTILAGO 
AVENAE. Bull. Torrey Bot. Club 57: 443-507, illus. 

(18) Lang, W. 

1917. ZUR ANSTECKUNG DER GERSTE DURCH USTILAGO NUDA. Ber. 
Deut. Bot. Gesell. 35: 4-20. 

(19) Leighty, C. E., and Sando, W. J. 

1925. a handy POLLEN CARRIER. Jour. Heredity 16: 63-65, illus. 

(20) Leukel, R. W. 

1932. FACTORS AFFECTING THE DEVELOPMENT OP LOOSE SMUT IN BARLEY 

AND ITS CONTROL BY DUST FUNGICIDES. IT. S. Dept. Agr. Tech. 
Bull. 293, 20 pp. 

(21) Maddox, F. m . x 

1895. EXPERIMENTS AT EASTFIELD. SMUT, BUNT, RUST. Tasmania Dept. 

. S* anS^uRNETT, L. C. 

1930. DEVELOPMENT OF SEED TREATMENTS FOR THE CONTROL OF BARLEY 
STRIPE. Phytopathology 20: 367-390, illus. 

(23) Ruttlb, M, L. (Mrs, Nbbel). 

1934. STUDIES ON BARLEY SMUTS AND ON LOOSE SMUT OF WHEAT. X, 

Agr. Expt. sta. Tech. Bull. 221, 39 pp., illus. 

(24) Tapkb, V. F. 

1929. INFLUENCE OF VARIETAL RESISTANCE, SAP ACIDITY, AND CERTAIN 
ENVIRONMENTAL FACTORS ON THE OCCURRENCE OF LOOSE SMUT 

IN WHEAT. Jour. Agr. Research 39: 313-339, illus. 

(25) 

1931. INFLUENCE OF HUMIDITY ON FLORAL INFECTION J®' 

BARLEY BY LOOSE SMUT. Jour. Agr. Research 43: 503-olo, 

illus. 


(22) Reddy, C. S., and 


( 26 ) 


1932. AN tTNDESCRlBBD LOOSE SMUT OF BARLEY. (Phytopathological 
Note) Phytopathology 22: 869-870. 



508 


Jownal of AgrmiUiiral Research vd. no. o,sept.i^ im 


(27) TatloRi J. W., and ZrhneBi M. Q. 

1980. THB RFFfiCT OF A SBBD DISINFRCTANT ON GRAIN AN0 BTRAW TXRLDB 
AND 81CX7T CONTROL IN WINTSR BARLRT. JOUT. Amer. SOO. 

Agron. 22: 11^123, illus. 

(28) and Zbhnbr, M. G. 

1931. BFFBCT OF DBPTH OF BBBDZNO ON THB OCCtTRRBNCB OF COVERBD 

AND tOOSB SMUTS IN WINTER BARLEY. JoUT. Amet. SoC. AgFOn. 
23: 132-141, illus. 

(29) Tisdale, W. H., and Griffiths, M. A. 

1927. variants in USTILAGO NUDA and certain HOST RELATIONSHIPS. 
Jour. Agr. Research 34: 993-1000. 

( 30 ) and Tapkb, V. F. 

1924. INFECTION OF BARLEY BY USTILAGO NUDA THROUGH SEED INOCU- 

LATION. Jour. Agr. Research 29: 263-284, illus. 

( 31 ) Taylor, J. W., and Griffiths, M. A. 

1923. EXPERIMENTS WITH ROT WATER, FORMALDEHYDE, COPPER CAR- 
BONATE, AND CHLOROPHOL FOR THE CONTROL OF BARLEY SMUTS. 

Phytopathology 13: 153-160. 

(32 ) Taylor, J. W., Leukel, R. W., and Griffiths, M. A. 

1925. NEW SEED DISINFECTANTS FOB THE CONTROL OF BUNT OF WHEAT 

AND THB SMUTS OF OATS AND BARLEY. Phytopathology 16: 

[6511-676, iUus. 

(33) Zeiner, W. 

1932. DAB VERHALTEN VER80HIEDENBR SOMMERGERSTEN-KREUZUNGBN 

HINSICHTLICH DEB ANFXLLIGKEIT FUR USTILAGO NUDA. ZtSChr. 

Ztichtung, A, Pflanzenztlcht. 17: [229]-264, illus. 




THE SUGAR BEET NEMATODE AND OTHER INDIGE- 
NOUS NEMIC PARASITES OF SHADSCALE* 

By Gerald Thorne 

Associate nemaiologist. Division of Hematology, Bureau of Plant Industry, United ' 
States Department of Agriculture 

INTRODUCTION 

The original sources of nemic parasites are generally unknown. It 
is, therefore, of considerable interest to find the sugar beet nematode 
{Heterodera achacktii Schmidt, 1871), Ai^uUMina aherrana n. sp., 
and Neotylejichua lotus n. sp. under conditions that apparently leave 
no doubt as to their native origin. On May 25, 1927, H. schachtii and 
A, aherrana were found infestiMthe roots of shadscale, Atriplex 
conieriifolm (Torr. and Frem.) S. Wats., collected in the desert foot- 
hills west of Utah Lake, Utah. Collections made in 1933 extended 
the desert range of these two nemas into Cedar Valley, several miles 
west of the first collection, and to the hills west of Richfield, about 95 
miles south. N. latua also was found in the material collected west of 
Richfield and in a single collection made west of Utah Lake. 


THE SUGAR BEET NEMATODE 


The fact that the sugar beet nematode {Heterodera schachtii) is 
indigenous to the desert is not surprising when one considers the 
morphology of the brown cyst stage. This remarkable adaptation 
to adverse circumstances doubtless originated under ecological condi- 
tions similar to those of its present native habitat. That this sjiecies 
is indigenous to both Europe and North America is not surprising, 
for many nemas are cosmopolitan. The Division of Nematologv 
collection at Salt Lake City, Utah, contains over 100 species which 
are native to virgin soils of the United States and which also have 
been reported from Europe and other parts of the world. 

Previous reports have indicated that Heterodera schachtii is a species 
indigenous to the United States. Maxson* found specimens on 
Rumex sp. in the Salinas Valley, Calif., in 1913, wHch he believed 
could not have come from introduced nemas. Sterner® discovered 
Polygonum pensylvanicum L. and P, punctatum Ell. infested with H, 
sch^htii at JBroad Run, near Leesburg, Va., under circumstances that 
might indicate native colonies in that locality. 

These indigenous colonies of sugar beet nematodes explain the 
probable source of many infestations in the beet fields of Utah. 
Originally a considerable portion of the present beet land was *'shad- 
scale fiats”, comparatively level areas beping almost pure stands of 
shadscale which were destroyed by cultivation. There is a possi- 
bility that the nemas lived on some desert plants that survived 

[ Received for pubUcation June 26, 1936; issued Dewmber 1936. 
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cultivation, or perhaps they transferred from shadscale to new hosts, 
such as species of Bra^sica, Rumex, and Atriplex, on which they lived 
until sugar beets were introduced many years later. 

Native colonies doubtless do not account for all nemic infestations 
now present in beet-growing areas. Transmission of nemas in beet 
seed from Europe has been known to occur* and probably is respon- 
sible for many infestations. 

Comparisons of specimens from the desert with those from beet 
fields show only slight variations in form and size, the principal dif- 
ference bring in the length of the male tails (fig. 1, B), which in the 



desert form are 2 to 3 times as long as those of nemas found m beet 
fields. Loi^-tailed specimens (^casionaUy are found living on beets in 
Utah, and C^bb * figures a similar form from Colorado. 


EFFECT ON HOST 

Infestations generally are limited to small groups of shadscale 
bushes, and there may be several rods, or even a mile, between infes- 
tations. However, tne locating of infested plants is largely a mat- 
ter of chance, for no visible injury or appreciable damage is shown 
by Brassica, Atriplex, and other conunon weed hosts. Infested 
bushes frequently are found along a watercourse and about its 
drainage basin. 

ANGUILLULINA ABERRAN8 N. SP. 

Ai^iUutina aberrans, n. sp., exhibits characters that indicate a 
relationship to both Helerodera and Tylenchvlus. The male head of 
A. aberrans (fig. 2, G) is indistinguishable from that of H. schachtii 
(fig. 1, .4). Tne distorted, variable-formed females of A. aberrans 
are su^estive of the females of the root knot nematode, H. marioni 
(Cornu, 1879) Goodey, 1932, from hard, woody tissues in which the 
body is unable to assume its typical pyriform shape. The chief dif- 
ference lies in the appearance of the female temunus, which retains 
its identity in A. aberrans but completely loses it in H. marioni. 

* Thobnb, G. contbol or ths suoar«bbet nematode by crop botation. it. S. Dept. Agr. Farm- 
ers* Bull. 1514, 21 pp., illos. 1020. See p. 6. 

• OOBB, N. A. ESTIMATZNQ THE NEMA POPULATION OP SOIL, WITS SPEOAL REFERENCE TO THE SUGARS 
BEET AND ROOT-GALL NEMAS, HETBRODERA SCHACHTIX SCHMIDT AND HSTERODBRA RADICICOLA (OREEF) 

mDllbr. and with a description or ttlencboiaimus aequaus n. sp. U. S. Dept. Agr., Bur. Plant 
Indus. Agr. ^hnol. Clre. 1, 48 pp.. Ulus. 1018. See p. 25, Sg. 17. 
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The females of AnguiUidina aberrans are in many respect® flimilnT 
in development and appearance to the females of Tylenchvlue semi- 
penetrans Cobb • but the former species differs from Tylenchvlus in 
possessing the following characters: Anus functional, excretory pore 
near base of esophagus, male spear normal, and bursa present. 



•OoBi, N. A, Morn ok mohomottts ahb TYiBNOHtrtra. Jour. Wash. Acad. Sci. *: 3*7-888, Uloa. 1M3. 
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MORPHOLOGY 

EggsJ—kv&rB%c size 42 a(X80m- Found within the roots. Deposited before 
segmentation in masses covered by gelatinous secretion from the female. Senile 
females frequently contain a few undeposited eggs in which segmentation and 
hatching may occur within the body (fig. 2, B). 

Larvae (fig. 2, E, F), — Length 0.4 to 0.48 mm. Width 20m to 24m. Spear 
length 14m. Esophagus occui)ying about one-fifth body length. Intestine 
densely granular, granules varying in size from very minute to one-fourth body 
width. Tail length geherally about twice anal body diameter, tapering but little 
to broad, rounded terminus. 

Male (fig. 2, C, D). — Length 0.7 to 0.9 mm. Width 25m to 33m. Body almost 
cylindrical between esophagus and anus, tapering to lip region, which is not set 
off in any manner. Tail slightly longer than anal body diameter, completely 
enveloped by bursa. Wings three, marked by four refractive lines, the area 
occupying one-fourth of body width. Six obscure, low, flat lips grouped close 
about the entrance to vestibule; from lateral view they frequently give appear- 
ance of very thin disk. Cuticular framework of lips massive, six-parted. Spear 
21m to 25 m long with large basal knobs. Median esophageal bulb about half as 
wide as neck. Terminal bulb obscure, assimilated by intestine. Excretory pore 
distinct, located 1 or 2 body widths behind median bulb. Testis single, out- 
stretched. Spicula slightly arcuate, tapering in distal two-thirds. Guber- 
naculum thin, flat, slightly arcuate. Bursa rising close in front of anus, envelop- 
ing the ventrally arcuate tail. Phasmid riblike, near middle of bursa. 

Young female (fig. 2, G), — Length 0.7 to 0.9 mm. Width 30m to 35m. Vulva 
at 91 to 93 percent. Body practically cylindrical from esophagus to vulva. Tail 
convex-conoid to broad, rounded terminus, its length equal to anal body diameter. 
Cuticle coarsely annulated. Wings three, marked by four refractive lines, the 
areas occupying about one-fourth of body width. Ovary immature. Posterior 
uterine branch absent. 

Adult female, — I^ength 0.8 to 1.2 mm. Width 132m to 345m. Spear length 
20m CO 24m. Body disWted, variable in form (fig. 2, H, /, J), neck and posterior 
end retaining a slight semblance of original form. Median bulb almost spherical 
with strong radial muscles. Terminal bulb merging with intestines. Body 
densely granular. Details of the coiled single ovary completely obscured. 
Vulva broad transverse slit. Anus inconspicuous. Found only in root tissues. 

Diagnosis, — Anguillulina, Spear massive, strongly knobbed. Labial frame- 
work strong, cuticularized. Adult female swollen, distorted, variable in size and 
form, found only in roots of host. Young female of normal anguilluloid form. 
Vulva at 91 to 93 percent. Ovary single. Posterior uterine oranch absent. 
Tail rounded, about as long as anal body diameter. Phasmids near terminus. 
Male tail about as long as anal body diameter, ventrally bent, enveloped by 
bursa. Phasmid riblike^ inserted in bursa. 

Host: AtripUx conferhfolia. 


LIFE HISTORY 

Specimens collected December 12, 1933, were preadnlts with an 
occadonal larva. The preadults pass through summer drought and 
winter cold, becoming active in April, when the soil is moist and warm 
and when shadscale growth begins. Differentiation of sexes occurs 
at the last molt, the males and young females being present both 
within the roots and in the surrounding soil. Because of the diffi- 
culty males would experience in locating females within the roots, it 
is probable that copulation occurs in the soil, after which the young 
females enter the roots. The female lengthens but little as it becomes 
a distorted, misshapen mass, forcing its way into the hard root tissues; 
the body pressure becomes so great that the nemas usually burst 
when the root is opened. Eggs are deposited in masses and covered 
with a platinous secretion. Segmentation and hatching occur im- 
mediately and the larvae develop into preadults, which become 
quiescent until revived in spring. 
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EFFECT ON HOST 


Boots of infested bushes appear very much as if they were infested 
with He^odera marioni, irre^ar swellings and occasionally typical 
galls being formed. As a result of infestation, many bushes are 
^ed or severely injured. This injury is espedally noticeable in 
years that follow a dry season. Such a condition was very evident 



Fioukk d. -Net^fflenchus latut: A, Adult female. X 120 B, Head: amph ap, amphid apwture, X 1,500. 

C, Cross section of neck Just posterior to spear: amph, amphid; tem, sensillae; oe, esophaffus, X 1,500. 

D, M ale tail: al, wings (three) ; pha», phasmid, X 600. E, Anterior end of female: p ex, excretory pore; gl, 
gland, X 500. 


in 1933 after the diy year of 1931. In 1931 the precipitation was 
only 11.4 inches and the mean for the 6-year period 1928—32 was 
13.71 inches, as compared with a general mean of 16.18 inches. 


NEOTYLENCHU8 LATUS N. SP. 

Eight females of Neotylenchus latus (fig. 3) were secured from the 
cortex of shadscale roots near Richfield, Utah. Two males and four 
females were found under similar conditions in a root taken from a 
spot west of Utah Lake. The species appears to be a rare inhabitant 
of shadscale roots, too few in number to be of any significantce as a 
parasite. 
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Measwreimnts: 


1, 11. 16. 
1. 3.8 4. 


MORPHOLOGY 


W 

5.9 


“ 85,« 94.6 

5.1 2. 


0.7-1. 1 mm 


1. 15, 21. 

1 . 2.2 2 . 4 ' 


« M 95. 

3.2 2. 


0.8 mm 


Female. — Body attaining its greatest width at about 65 percent. Anteriorly 
tai^rs uniformly to lip region, which is not set oflf in any manner (fig. 3, E). 
Tail conoid to pointed terminus, its length about two and one-half times anal 
body diameter (fig. 3, A). Cuticle finely annulated. Wings three, marked by 
four refractive lines. Face view of lip region shows the 8 lip sections and 4 
papillae characteristic of the genus Amphid apertures at apex of lateral lips 
(fig. 3, B ) . Amphidial pouch half as wide as head, located nearly opposite base 
of spear, practically invisible from lateral view. Sensilla elements apparently 
eight. Spear 10/i to 12/* long, with three small basal knobs. Esophagus: Corpus 
comprising half the total length; isthmus exceedingly slender; bulb variable, 
generally elongate-conoid, half as wide as neck. Large gland close to bulb (fig. 
3, E). Excretory pore just behind nerve ring. Intestine densely granulated, 
generally crowded to one side by ovary. Female prodelphic, ovary outstretched, 
reaching almost to base of esophagus. Posterior uterine branch reaching from 
one-third to three-fourths the distance to anus. Eggs about as long as greatest 
body diameter and half as wide as long. Vulva broad, transverse slit. Anus 
indistinct. Phasmids slightly anterior to middle of tail. 

Male. — Body much less robust than that of female. Spear normal. Testis 
single, outstretched. Spicula arcuate, tapering. Gubernaculum thin, flat, 
slightly arcuate. Bursa crenate, striated, rising about opposite middle of spicula 
and extending to near terminus. Tail conoid, ventrally bent, ending in small 
rounded terminus (fig. 3, D ) . 

Diagnosis. — Neotylenchus with above measurements. Differs from N. ahuU 
hosus Steiner, 1931, in the following characters: Tail shorter; vulva located 
farther in front of anus; posterior uterine branch present; male with spear, 
spicula, and gubernaculum, normal, not undeveloped as in N. abulhosns.^ N. 
ooesus Thome, 1934, is a much more obese species, with vulva located at 95 per- 
cent to almost terminal. 

Host: Atriplex confertifolia. 

SUMMARY 

The sugar beet nematode, Heterodera schachtii Schmidt, 1871, is 
reported as an indigenous parasite of Atriplex conjertifdia (Torr. and 
Frem.) S. Wats, in Utah. Ar^uiUvlvm aherrans n. sp., and Neoty- 
lenchus lotus n. sp., are also discussed as parasites of A. confertifolia f 
and morphological diagnoses are given. 

7 STKINXB, O. NSOTn.lMCaX7S ABULBOSU8 V. G., N. SP. (TTLXNCHIDAB, NXMATODA) THX CAUSAL AQXNT 
or A NSW NXMAT08IS or VARIOUS CROP PLAiHB. Jour. Wssb. Acad. Bel. 21: 536-538, UllLS. 1931. 

• Steiner, G., and Buhrxr, E. M. the male or the nematode species, neotylenchus abulbosus 
STEINER, AND ITS SEXUAL DIMORPHISM. JOUT. Wash. Acad. Sci. 22: 482-484, lllus. 1932. 




SCAB OF QOLDENROD CAUSED BY ELSINOfi ' 

By Anna E. Jbnkins, associate pathologist Division of Mycology and Disease 
Survey, Bureau of Plant Industry, United States Department of Agriculture, and 
H. G. Ukkblberg, in charge of Edison Botanic Garden, Edison Botanic Research 
Corporation * 

INTRODUCTION 

The Edison Botanic Garden at Fort Myers, Fla., comprising about 
9 acres, was established in 1927 by the late Thomas A. Edison for the 
purpose of findi^ a domestic source of rubber. Several thousand 
plants representing numerous genera and species were gathered from 
Virginia, North Carolina, South Carolina, Georgia, Flonda, Bahama, 
Texas, and New Mexico and planted there. Collections also were 
made in New Jersey, and plants were contributed from many sections 
of the country by those interested in the project. Contributions of 
plants indigenous both to tliis county and to others were made by 
the United States Department of Agriculture. Goldenrod was found 
to have a high rubber content and was selected by Edison for further 
investigations. Most of the other plants were discarded, and by 1934 
experimental work was being conducted with goldenrod only. The 
plants are arranged in beds, 6 by 20 feet, distributed over about 4 
acres of the garden, with about 2 feet between the outside rows of any 
two beds. Each bed contains approximately 168 plants of a single 
species. The species representea are Solidago altissima L., S. chap- 
manii Gray, S. edisoniana Small, S. elliottii Torrey pid Gray, S. 
fistvlosa Mill., S, leavenworthii Torrey and Gray, S. mirahUis Small, 
S, nashii Small, S, rugosa Mill., and S. sempervirens L. 

This paper reports a recent investigation of a hitherto unrecorded 
disease of goldenrod found in the garden and elsewhere in Florida. 


THE DISEASE 


NAME 

The goldenrod disease, which is caused by an Elsinoe, is called 
‘^scab^’ rather than ^^anthracnose” because of its hyperplastic 
nature. This is in accordance with a previous suggestion (8) ® that 
diseases of this character be referred to as *‘scab.’^ 


HISTORY, RANGE, AND SPECIES AFFECTED 


Scab of goldenrod was discovered firet in the Edison Bo tame Garden 
in June 1933. The disease was noted on young plants and on the 
young leaves and stems of older plants of Solidago edisoniana. Fur- 
ther examination revealed that S. sempervirens and S* fistvlosa also 
were affected. Lesions on the lower part of the plants indicated that 
the disease had been present early in the season. 


* Received tor publication July 18, 1935; issued December 1935. .. 

» The writers are indebte<i to D. 6. Polhamus, of the Division of Pl^t SHndSS fhe 

Bureau of Plant Industry, U. 8. Department of Agriculture, tor owperation M 

lamination of goldenrods in certam localities tor evidence of the diseaw. 

Buswell, of the University of Miami, Coral Gables, Fla., for the «>n‘«^“tio“of spe^ens^ 
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In 1934 lesions were first observed late in April on young plants 
of Sotidago sempervirens and somewhat later on 8. fistvlosa. During 
July the msease appeared in a few beds of 8. edisoniana, at first affect- 
ing only a small number of plants, but gradually spreading throughout 
these beds and to several others of this species, loung.plants trans- 
planted in June and July were severely attacked and some were killed. 
In one instance, in August, a few lesions were found on plants of 8. 
leavenworthii growi^ in pots in a slat house. These were limited to 
the leaf bases, regions of the goldenrod plant extremely susceptible 
to infection. Tl^ughout the season the disease continued to be 
prevalent and was often severe on 8. edisoniana, 8. fstidosa, and 

8. sempervirens (pi. 1 ; pi. 2, A; pi. 3, A-D). 8. eUiottii and 8. mira- 
hilis also were moderately attacked. 

The distribution of scab on goldenrod growing wild in Florida in 
Polk, Hardee, De Soto, Charlotte, I^ee, and Dade Counties (fig. 1) 
was established through limited surveys made dining the autumn of 
1934. At Fort Myers Beach, about 18 miles from Fort Myers, and 
nearby at Punta Rassa, 8ol(dago sempervirens was affected by the 
disease and in some cases severely so (pi. 4, A and B). Other species, 
namely, 8. chapmanii, 8.^stvlosa, 8. stricta Ait., and 8. tortifolta Ell., 
growing in the same locality were not affected. 

From Fort Myers northward to Fort Meade, a distance of about 
100 miles, 8olidago sempervirens was found in two different localities 
near Punta Gorda, and in each case all of the plants were affected. 
South of Fort Meade was foimd practically a pure stand of 8. fistvlosa 
covering approHinately 8 acres, and here it was estimated that about 
35 percent of the plants were affected. The disease also was present 
on a few plants of 8. edisoniana in the vicinity of Wauchula and Fort 
Meade, the latter being the type locality for the species iH). 8. 
chapmanii, 8. minor (Michx.) Femald, and 8. tortifolia, growing in 
the section surveyed from Fort Myers to Fort Meade, were disease- 
free. 

In Dade County scab was prevalent on Solidago sempervirens (pi. 
6, I) growing wild in the viciifity of the United States Plant Intro- 
duction Garden at Coconut Grove when examined * for the disease in 
October 1934. 

Additional records of scab in Florida, and among them the earliest 
available, are provided by specimens of 8olidago from the Buswell 
collection, which were contributed in order that they might be ex- 
amined for possible scab lesions. These are present in greater or less 
abundance on 8. edisoniana (pi. 2, B), 8. eUiottii, 8. fistvlosa, 8. mira- 
bilis, and 8. sempervirens collected in the Edison Botanic Garden on 
October 31, 1930, December 6, 1933, and intermediate dates, and on 
wild plants of 8. edisoniana from Polk County collected on November 

9, 10, and 28, and December 3, 1932. A raecimen of 8. chapmanii 
bearing no date or place of collection in Iiorida also shows severe 
infection. 


EXPLANATORY LEGEND FOB PLATE 6 

Leaves of Solidago aempervireru affected by scab. At a-ntt Upper surface of young leaves; B, 
their lower surfiioes; C, a and 6, upper, and a and d, lower surfoce of two older leaves; C, c, and J), c, 
lesion penetrating leaf base; numerous lesions on upmr side of leaf; F, elongate lesion involving midrib; 

Of leaves dead or dying from scab; H, a, young blighted leaves on an adventitious shoot. (All X 1.) ‘From 
Edison Botanic Qard^, June 21, 1934. /, Scab lesions on wild Soltdago umpervirena (X 1); J, pycnidium 
of an unidentified fungus on stem lesions of S. ediaoniana, Edison Botanic Garden, October 17, 1934 (X 476) . 

« Examination made by L. Q. Polhamus. 







A, Lower part of stems shown in plate L or of those from same source; a, russeted region. B, Scab lesions 
on young plant of SoUdaoo edhoniam representing a phanerogamic specimen from the Edison Botanic 
Garden collected November 28, 1932. X 1. 
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The data thus indicate that scab was prevalent on wild goldenrod 
in Florida for a long mriod before the ^ison Botanic Garden was 
established. Indirectly the discovei^ of the disease at the present 
tinae may be attributed to the special attention given goldenrod in 
the garden upon the discovery of its high rubber content, together 
with the fact that the garden was located within what is now known 
to be the geo^aphic range of the recently discovered disease. 
Ecologically this general section is highly favorable to the develop- 
ment of other diseases similar to scab of goldenrod. An example is 
scab of citrus (Citrus), the environmental relations of whose causal 
fungus (Sphaceloma faujcettii Jenkins) have Wn the subject of con- 
siderable investigation (6, 10, 12, 16). 



Figure l.— Map of Florida, showing (by shading) the counties in which scab owurs on wild goldenrod, 
and also the location of towns in or near which the disease was observed. 

When examined in July 1934 no scab was found on plantings of 
goldenrod maintained by the United States Department of Agri- 
culture at Charleston, S. C., and at Savannah, Ga. The plantings at 
Charleston were again examined for scab early in October, ® but no 
evidence of the disease was found. In the summer of 1935, however, 
the disease was found on Solidago aempervirens at Savannah B^eh, 
Ga., and on this species and S.Jistulosd growing wild near the Barbour 


• Biamioation made by L. G. Polhamus, 
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Lathrop Plant Introduction Garden, Savannah, Ga. In the plantings 
at the garden itself S. edisoniana, S. Jietvloea, 8. leamnworthU, 8. 
sempervirens, and 8. seroHna were all found badly attacked. 

IMPORTANCE 

Rubber is formed in the leaves of goldenrod (iS) and increasingly so 
as they mature (1). The stunting or killing of yotmg plants by scab 
results, of course, in a potential loss of leafage, tmd there is also a 
direct loss from the kilfing of the leaves themselves. With respect 
to 8olid^o sempervirens the loss of leafage from the ravages of the 
disease is difficult to estimate, because normally some of the leaves 
die before the plant reaches matmity. Cases have been noted, how- 
ever, in which most of the leaves were definitely killed by scab 
The leafage loss of severely diseased plants of 8. edisoniana and 8. 
fistulosa is estimated to be from 5 to 10 percent. Plants may be 
severely infected and still remain alive, but whether the rubber con- 
tent of the diseased leaves is affected has not been determined. 

SYMPTOMATOIXKJY 
Morphologic Symptoms 

Scab of goldenrod attacks the young growth of the plant above the 
^ound. Young plants may be killed or stunted, as already men- 
tioned, but ordmarily they grow to maturity more or less as usual, 
the new CTOwth becoming infected as it develops (pi. 1; pi. 2; pi. 3, 
A~D). Occasionally the terminal bud is killed, preventing further 
growth of the axis except by the production of an adventitious shoot 
from below, as sometimes occurs. Some of the leaves wither and die 
as they unfold, while others that expand later succumb (pi. 1, B, h; 
pi. 5, 60 1 especially if the highly susceptible basal part (pi. 5, A and 
i?) is affected; in many cases, however, owing to the hyperplastic 
nature of the disease, the affected leaves are not killed. 

Similarly, the stem usually remains alive even though girdled for 
several centimeters or when as much as four-fifths of its surface is 
covered with lesions. There may be merely a russeting of the stem 
(pi. 2, A, a). All or most of the leaves produced during periods 
extremely favorable for infection may be killed, so that the stem is 
practically devoid of green leaves for several centimeters (pi. 1, A, 
a, and B, a). Where the leaves are lost adventitious shoots may 
be forced into development only to become infected in turn (pi. 1, 
A,,b; pi. 5, H). 

ON SOLIDAGO SEMPERVIRENS 

The leaf spots on the highly susceptible species of 8olidago sem- 
pervirens are larger and more striking, as well as often more numerous, 
than on the other spedes. They occur anywhere on either side of 
the leaf (pi. 5, A-P^, although somewhat more frequently on the 
lower surface. Midrihs, veins, and petioles as well as the basal part 
of apetiolate leaves are often affected (pi. 4; pi. 6, A-D; pi. 6, B, a). 
Lesions on the bases of apetiolate leaves (pi. 5, C, e, and D, c) and 
those occurring elsewhere on lai^ succulent leaves ^1. 6, B) may 
discolor both leaf surfaces, but ^nerally they are visible on one leaf 
surface only (pi. 5, A, a, b,e, and B, a,b,c; €, a, and D,a;C,b, and D, b ) . 
Lesions may extena for a greater or less distance from the base 
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Plate 3 



Scab lesions on (A) leaves of SoMago fisfulota, (B) on stem of S. ediwniana, and on (O stem and (D) 
inflorescence leaves of temperrirens. Material nrom Edison Botanic Garden, collected August 4 
and D October 17, 1934. E-0, Agar slant cultures of the BMmi causing the disease, approximately n 
month old, on potato dextjrose, {F) corn meal, and (G) beef. All X Mo. Drawings by 1. Marlon 
Shull. 
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PLATE 6 



, a, Ascomata on stem lesions of Salidago Hmpertfirena (x 7); B, blade and (a) petiole ieslons on the same 
species tesulting from artificial inoculations with the Eltinoi (X !)• 


Sept. U, 19S5 


Seah of Ooldenrod Caused by Elsinog 


519 


toward the amx of the leaf (i)!. 4); those on the lower or dorsal leaf 
surface may be continuous with stem lesions. The more restricted 
leaf lesions range from punctiform areas to circular, subcircular, or 
irregular spots reaching 5 mm in diameter (pi. 4; pi. 5, A-F). Lesions 
may bo slightly raised at first, and later depressed on one leaf surface 
and bulged on the other (pi. 5, A, 6, and B, b). The entire leaf may be 
bent away from the point of infection. In the be ginning the lesions 
appear as brown, often “madder brown”,® water-soaked spots. 
The center and soon the entire lesion, or all except a narrow bordering 
line or edge, becomes “vinaceous buff.” This coloration finally 
becomes white or gr&y. 

On stems of Solidago sempervirens the lesions are of essentially 
the same coloration as on the leaves. Sometimes they are surrounded 
by a narrow dark line, and they may be slightly raised, especially 
when old (pi. 3, C). The smaller spots are often circular, subcircular, 
or irregular, and 8 ± mm in diameter; occasionally they are more 
or less linear. Lamer lesions, sometimes formed by the fusion of 
smaller spots, are often extremely irregular in shape. They may be 
unevenly scalloped 05 variously lobed, and they sometimes enclose 
green patches of the stem. Transverse cracks may appear on the 
surface of fairly young lesions still “vinaceous buff”in color (pi. 2, A). 


ON SOLIDAGO EDIBONIANA AND OTHER SPECIES 

Although similar to those of Solidago sempervirens, the scab lesions 
on S. edisoniana differ in certain respects. The leaf spots are often 
circular to subcircular, 2 to 3 mm in diameter (pi. 2, B). They are 
generally reddish at first, then more or less permanently “hazel” or 
“brick red”, althofigh in some cases they are paler or even white. 
Sometimes they discolor both leaf surfaces. The leaf spot may 
become perforated or fall entirely away, or only the cuticle on one 
leaf surface may remain. The stem lesions are similar to the leaf 
lesions (pi. 3, B), but when old they may be somewhat paler and 
bordered by purple . 

The lesions of Solidago eUiottii and S. mirabUis are similar to those 
of the closely related species S. edisoniana, while those of S.jfistvhsa 
(pi. 3, A) are somewhat intermediate between those of S. edisoniarui 
and S', sempervirens. » 

Signs 


The signs of goldenrod scab are primarily the fruit bodies of the 
perfect stage of the pathogen, which may be relatively inconspicuous. 
These ascomata are present from as early as June until the end of the 
season, and they appear as small dark more or less convex areas 
(pi. 6, A, a) represen tii^ the epitheciai covering (pi. 7, B, a, and F, b). 
For the most part they are confined to mature or old stem and leaf- 
base lesions. Small black specks occasionally present on old lesions 
(pi. 5, «7) are pycnidia or pycnidialike structures, but it has not yet 
been possible to determine definitely whether they represent a 
conidial stage of the causal fungus. In some cases mature lesions 
are darkened by a thin layer of superficial dark hyphae or other 
vegetative development of the fungus (pi. 7, A). 


• The ookw rendings given in quotations are by J. Marion Shuli and ^ based m the iw*li»- 

tion: Buxjwat, R. oolob btaiidabds and colob nombnclaiubb. 43 pp.. Ulus. Washington. D. C. 
1913. 
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HistoIiOgic Symptoms 

As in related diseases, the lesions are characterized by the forma- 
tion of -what has been referred to by Butler (S, vp. 180-181) as 
“wound cork.” This development in leaf lesions of citrus scab has 
been described in detail by Cunningham (4). Based on Cunning- 
ham’s account and on prepared mounts which he gave Butler, the 
latter {S, p. 181, and pi. 8, figs. 6 and 7) has summed up the situation 
■' as follows: 

'The pathogen — 

causes a necrosis of a few of the superficial cells of the leaf and provokes the 
active division of the spongy parenchyma. The new walls are roughly parallel, 
in the early stages, to the necrosed surface and the process extends to a consider- 
able depth, sometimes leading, in attack on the under surface, to divisions in 
the palisade cells on the opposite side. Near the lesion the cells elongate more 
towards the injured part and become more divided than those farther away, and 
in the layer of long cells with several cross walls a cork cambium eventually 
develops ♦ ♦ This extends up to the epidermis all around the lesions and 
cuts off coi^k on its outer side and a little phelloderm on the side toward the sound 
tissues. All the primary cell walls of the hyperplastic area are thickened and 
intercellular spaces are much reduced. 

THE CAUSAL FUNGUS 

CLASSIFICATION 

The ascomycete causing scab of goldenrod is a previously unreported 
member of the genus Elsxnoe Rac., and its imperfect stage is typical of 
the form genus Sphaceloma De Bary. As previously shown (d), this 
genus belongs to the Myriangiales, which are typifiea by Myriangium 
auridei Mont, and Berk. Emnoe is typified by E. canavcUiaef which 
causes scab of swordbean (Canavalia gladioJta (Jacq.) DC.). A closely 
related and actually better known species, however, is E, phaseoli 
Jenkins (;?), in connection with the study of ^ich certain new features 
pertaining to the morphology of the genus (7, 9) were demonstrated, 
such as the double- walled character of the ascus (7). Available lit- 
erature .relative to the history and relationships of the order were 
reviewed by the writer in connection with the discussion of E, 
eanavcUiae (6). Tai (16) has since discussed the relationships of the 
order on the basis of his study of the development of Myriangium 
bamhuaae Rick. He interprets the outer sheath or primary wall of 
the ascus as homologous with the perithecial wall in the ^haeriales 
and also with the rudimentary wall (11) ol the ascocarp in Uatacauma 
flabellum (Schw.) Tlieiss. and Syd. of the Dothideales. 

MORPHOLOGY 
Perfect Stage 

Rather recently formed ascomata (pi. 7, B) of tlie goldenrod 
Elstnoe^ some containing as many as 15 asci, were present on a few 
of the oldest lesions of the upper 20 to 25 cm of stems collected in the 


EXPLANATORY LEGEND FOR PLATE 7 

EMnoe solHaginii: A, Sorfoce of old stem lesions darkened by superficial growth of the fungus; a, possibly 
an endospore. B, Sedition of a lesion shown in plate 6, A, showing a young asooma; a, epithecium; b and c . 
asci; d, hyperplastic area of le^on (X 375). C and i), IProduction of conidia in young culture from an old 
h3ni)hal fragment and from a small mycelial mass; C, a, oonidlophore; O, b, and D, a, conidia; B, b, young 
hyphae (X 400). E-F, Sections of outer part of stem lesions showing more mature ascomata than the 
asooma represented in B; E, a, cavity or pocket containing hyaline s^erical conidia; E, b, epithecium; 
E, e, asci. (E X 350; F X 475). (7. Tissue planting (a) and culture growing from it (X 10). ff, maceration of 
ascomata n*on^,8tem lesion showing; a, ascus» with both walls intact, although line of outer vmll is not visible 
inthephotogra^; asci whose inner elastic walls (b) have expanded following rupture of the <c) outer inelastic 
wails; a> ascoeppres within ascus; e, still greater expansion of inner part of ascuSf from whose apices several 
Spores have been dischitfged; (f), 1- and Septate asoospores (a X 440; c X 450; e X 330; f X 440.) 
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FOR EXPLANATORY LEGEND SEE OPPOSITE PAGE. 
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Edison Botanic Garden on June 1, 1934 (pi. 6, A, a). Older ascomata 
from specinaens coUected in August are shown, in, plate 7, E and F, 
and asci and ascospores in plate 7, B,b and e;E,c; and H. H, a, repre- 
sents an ascus of which the outer sheath is probably about to rupture; 
H, b, partial expansion of the ascus after the rupture of this sheath; 
and H, d-f, ascospores still within the expanded asci or discharged 
from them. 

A feature of the ascospore of EhinoS, first observed in the case of E. 
phaseoli ’’ and also noted on the goldenrod Elsinoe. is the rupture of 
the wall of the ascospore allowing the protoplasmic contents of one 
or more cells to escape in sporelike .masses. 

CoKiDiAL Stage 

Tufts of hyaline conidiophores representing the Sphaceloma stage of 
the goldenrod fungus were found in certain sections of young “madder 
brown” lesions on Solidago sempervirens. These evidently were pro- 
duced from more or less horizontal subcuticular or intraepidermal 
hyphae after the manner illustrated in plate 7, C, showing conidial 
formation within a 24-hour period, from a fragment of an old bypha. 
The culture was made by smearing small masses of an old culture on 
the surface of a thin film of corn-meal agar on a glass slide. To 
provide a moist atmosphere, the new culture was placed in a Petri 
dish lined with filter paper. Plate 7, D, shows additional new conidia 
(a) and also a young hypha (b) produced from a small mycelial mass 
transferred to the fresh agar substrate. There was soon conidial 
formation from the new hyphae, the conidia in some instances being 
sessile on the hyphae. The conidia just described were generally 
ovoid or elongate-elliptical, and often biguttulate, measuring 6.5 to 
8.6m by 2.6 to 4 m. Some of the conidia germinated practically as soon 
as formed, either by the production of germ tubes or sprout conidia. 
Spherical conidia at first minute but enlaiging to at least 3 m in diam- 
eter occur singly or in agglutinated masses. Apparently they are 
produced from almost any structure of the fungus, and as here illus- 
trated (pi. 7, E, a) they appear to have formed within the epithecium. 
The spherical body shown m plate 7, A, a, is possibly an endospore. 

The dark, memoranous pycnidium apparently of the Elsinoi shown 
in plate 5, J, was produced v-subepidermally; the conidia (o) and 
conidiophores (6) witnin it resemble those shown in plate 7, C and D. 
Other more or less similar membranous structures, often lenticular in 
shape, were seen in or on the lesions. 

IDENTITY 

It appears that an Elsinoe has not been reported on goldenrod or 
other Compositae heretofore, llie asci and ascospores we somewhat 
smaller than those of other species that have been described, and the 
organism is culturally distinct from the members of this genus and 
of Sphaceloma so far as isolated. The name Elsinoe sohdaginis is 
therefore proposed for the fungus, and the following techmcal 
description is given. 


’ Unpublished date. 
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Tidohnical Descbiptiok 

EifllnoK 8olidagini8» n. sp. 

Hyphae subcuticular, intraepidermal, or subepidermal, i. e., in the tissue out- 
side of the wound cork, hyaline, or dark, sometimes chainlike, up to at least 
Qp in diameter, sometimes forming more or less effuse stromata reaching 15m ia 
thickness; ascomata apparently intraepidermal for the most part, punotiform, 
reaching i50M in surface diameter and 50m ia thickness; dark-colored epithecium 
up to 20m thick, becoming ruptured and exposing underlying ascogenous layer; 
unruptured asci mostly spherical to obpyriform, 15 to 17m X 1 5 to 18m, occasionally 
with a slight stipe; ascospores colorless, 2- to 3-celled, 8 to 13m X 4 to 5m, proto- 
plasmic cellular contents sometimes escaping as sporelike granular masses; 
conidial stage of the form genus Sphaceloma. conidiophores as observed in cul- 
ture often more or less conical, 1- to 2-septate, bearing conidia acrogenously, 
sometimes several in succession; conidia ovoid to oblong-elliptical, hyaline, 
often biguttulate, 1-celled, 6.5 to 8.6m X 2.5 to 4m, germinating by means of a 
germ tube or by the production of sprout conidia; spherical conidia produced 
from various structures of the fungus, of various sizes and with thick, viscid 
covering, often forming agglutinated masses. 

Ascomata punetiformia, usque 150m diam. ad superficiem et 50m in crassitudine; 
asci infracti sphaerici vel obpyriformes, 15-1 7m X 15-18m; ascosporae 2-3 cellu- 
lares, 8-^13m X 4-5m; status conidiophorus ad formam-generem Sphacelomatem 
pertinens; conidiophora (in cnlturis) saepe plus minusve conica 1-2-septata; 
conidia acrogena, ovoidea vel oblongo-elliptica, unicellularia, 6.5-8.6m X 2.5-4m; 
conidia sphaerica usque 3m diam., e structuris variis fungi nata, massas agglutma- 
tas formantia. 

Hosts, — On wild and domesticated species of Solidago chapmaniL S. edisoniana, 
S. eUiotiiif S. fistulosut S. leavenworthii (rarely), S, mirahiliSf and o. sempervirens, 
producing the disease known as scab, hyperplastic in nature, infecting tender 
young growth, sometimes killing it, but often producing more or less extensive 
diseased areas on the surface of stems and leaves; lesions of various sizes and 
shapes, on S, sempervirens generally 'Winaceous buff”, becoming white or nearly 
so; on S, edisoniana^ S, ellioUii^ and <8. mirahilisy often hazel” to brick red”, 
occasionally white or whitish; on S, fistulosa of intermediate coloration. 

Distribution, — Florida: Polk, Hardee, De Soto, Charlotte, Lee, and Dade 
Counties. 

Specimens examined,^ — Florida: On Solidago chapmaniiy W. M. Buswell (date 
not given).® 

On S, edisonianay Hardee Co,, Wauchula, H. G. Ukkelberg, Sept. 30, 1934; 
Lee Co., Fort Myers, Edison Botanic Garden, W. M. Buswell, Nov. 28, 1932 *, 
Aug. 17 and Nov. 10 *, 1933; H. G. Ukkelberg, July 9, Aug. 4 (type), and Oct. 17, 
1934; Feb. 6, 1935; Polk Co., W. M. Buswell, Nov. 9 ♦, 10 *, and 28 ♦, and Dec. 
3 * 1932; Fort Meade, H. G. Ukkelberg Sept. 30, 1934. 

On S. elliotiiiy Lee Co., Fort Myers, Edison Botanic Garden, W. M. Buswell, 
Dec. 4 * and 6 *, 1932, and Dec. 6, 1933 *. 

On S, fistulosoy De Soto Co., Fort Ogden, H. G. Ukkelberg, Sept. 20, 1934; 
Lee Co,, Fort Myers, Edison Botanic Garden, W. M. Buswell, Nov. 10, 1930 *, 
and May 10, 1933 *; H. G. Ukkelberg, Aug. 4 and Oct. 17, 1934; Feb. 6, 1935. 

On S, mirahiliSy Lee Co., Fort Myers, Edison Botanic Garden, W. M. Buswell, 
Dec. 4, 1933 *. 

On S, sempervirensy Charlotte Co., Punta Gorda, H. G. Ukkelberg, Sept. 30, 
1934; Dado Co., Coconut Grove, L. G. Polhamus, Oct. 1934 (specimen repre- 
sented by photographs); Lee Co., Fort Myers, Edison Botanic Garden, W. M. 
Buswell, Oct. 31, 1930 *; H. G. IJkkelbe:^, June 1, 21, July 9, and 28, Aug. 4, 
Oct. 17, and Oct. 26 (infection from artificial inoculation in greenhouse), 1934; 
Feb. 6, 1935; vicinity of Fort Myers, W. M. Buswell, Oct. 24, 1931 *; H. G, 
Ukkelberg, Aug. 14, 1934 (beach); Punta Rassa, H. G. Ukkelberg, Aug. l7, 1934. 

District of Columbia: On S. sempervirens, A. E. Jenkins, Oct. 12, 1934 (infec- 
tion from artificial inoculation) in laboratory. 

< The specimens examined are deposited in the mycologioal oollections ot the Bureau of Plant Industry, 
U. S. Department of Agriculture, and a living culture of the fungus (culture no. 480 A. E. Jenkins) has been 
sent to the Centraalbureau voor Sohimmelcmtures, Baam, Netherlands. 

* The specimens marked by an asterisk represent specimens from the Buswell collection on which lesions 
of scab were found during the course ot the present study. 
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CULTURAL CHARACTERISTICS 

Pure cultures of the fungus were obtained from isolations made 
from brown ledons on young leaves of SoUdago sempervirem collected 
in the Edison Botanic Garden on July 6. For the first isolations, 
made on July 11, scrapings from the surface of the lesions were 
plated on corn-meal agar. By July 25 several thalli cWacteristic of 
the genus Elsinoe were visible in the six plates that were made. The 
circular, glistenii^ growths were just becoming colored. The 
largest thallus, measurii^ about 2 mm in diameter, was transferred 
to a potato-dextrose a^ar slant. When observed about a week later 
it had increased m size to about 3 mm. The maigin was then 
raised and was “pinkish cinnamon” in color; the central region was 
depressed and was “cinnamon” in color. 

On July 12 additional isolations were made from the specimens 
collected on Jidy 6 by dipping pieces of young leaves and stems in 
mercuric chloride (1:1000), rinsmg them in sterile water, and then 
planting them on the surface of com-meal agar plates. Plate 7, 6, 
shows one of the thalli obtained from these plantmgs. 

More abundant cultural growth was obtained by cutting goldenrod 
stems into short lengths, treating them as for the leaf plantings, and 
then transferring them to test tubes containing a small amount of 
sterile water. When examined after 3 weeks some of the lesions 
were covered with a mat of fungus, consisting chiefiy of conidia, in- 
cluding swollen and germinated conidia of various sizes. Transfers 
of this growth failed to yield pure cultures, but platings would doubt- 
less have given many pure thalli of the fungus. 

In a set of parallel cultures of the ElsinoS grown for approximately 
a month on agar slants of potato dextrose, com meal, and beef, the 
coloration of the fimgus was generally “maroon” to nearly black, 
“bay”, and “clay color”, respectively. Similar cultures on ^ycerin 
agar slants were “pale drab-gray” at the center and “maroon” to 
black in the peripheral region. 

INOCULATION EXPERIMENTS 

At the Edison Botanic Garden artificial inoculations were made on 
September 20 on yoimg potted plants in a greenhouse in which the 
temperature was not contcolled. The species inoculat^ were 
Solwb^o cdtissima and S. leavenworthii, which are Wghly resistant or 
immune to scab, and the two highly susceptible strains S.fistvlosa and 
8. sempervirens. S. sempervirens is more susceptible than S.jistvlosa, 
as already explained, and the two strains of these species employed 
were selected for their extreme susceptibility. The inoculum con- 
sisted of the culture isolated from S. sempervirens on July 11, grown 
for several weeks on potato-dextrose agar. • v i. 

Several inoculations were made on each species or stram by me 
cotton-plaster method employed by Winston (16, p. S3) in sii^ar 
inoculations, i. e., the cultural growth was macerated and placed on 
young leaves with the fungus in contact with the leaf. The whole 
was men covered with parafl&ti-paper hoods gathered and tied in such 
a way as to prevent the drying out of the cotton pads. ^ The mocu- 
lated growth was theiFtied to a stake to hold it m position and to 
prevent the weight of the wet cotton from breaking the plant. The 



524 JoimuA of Agrictdtvral B^seerch v<ii.n,iMi.« 

paraffin paper and the cotton bearing the inocnliun were removed 
after 48 hoxirs. 

In another exmriment a few plants of each of the species and 
strains mentioned were atomized with a water suspension of a ciil- 
ture and held for 48 hours in a moist chamber before being removed 
to the greenhouse bench. In this experiment, as in the other, the 
check ^ants received the same treatment as those sprayed except 
that no inoculum was used. 

The conditions of the experiments were apparently rather unfavora- 
ble for infection for, so far as could be detected, scab lesions were 
produced only on ImUcUmo sempervirens inoculated by the cotton- 
plaster method (pi. 6, B). The lesions were small and “madder 
brown ” when first observed on October 9. October 20 they were 
“ vinaceous buff” and the largest were 5 mm m diameter. 

At Washington, D. C., under weather conditions believed to be 
favorable for infection, young inflorescence leaves inoculated by the 
cotton-plaster method became infected chiefly on the leaf bases. 
The checks remained healthy. 

CONTROL 

In the garden one bed of Sdidago aempervirena was sprayed with 
bordeaux mixture (4-4-50) during May and Jime. Three applica- 
tions were made at 2-week intervals, with no apparent checking of the 
disease. During July^ August, and September, lime-sulphur was 
applied weekly on a series of six beds of S. edisoniana. In this case the 
amount of the disease was not reduced at first, but in the latter part of 
the experiment partial control was obtained. In order to obtain con- 
trol by spraying, frequent applications of a protectant from practically 
the beguinmg of the growing season probably would be necessary. 

It appears that selection for resistance may prove an effective 
means of control. Variation in the degree of susceptibility of differ- 
ent clonal lines obtained from rootstock cuttings was observed in 
1934, particularly in the case of Solidago edisoniana. For example, 
plants of the same clones were heavily infected while other clones in 
nearby rows were free from lesions, or nearly so, although they were 
in contact with heavily infected growth. In some instances strains 
of 8. fistvlosa and S. semmrvirens introduced into the garden from 
different localities and differing somewhat in vegetative characters 
have exhibited different degrees of susceptibility. The Edison 
selection 8. kavenvxnihii is highly resistant, as previously indicated. 

SUMMARY 

Scab of goldenrod, hitherto unreported, was discovered in the 
Edison Botanic Garden, Fort Myers, Fla., in Jime 1933. Limited 
surveys made in Florida during the autumn of 1934, together with an 
examination of herbarium specimens, revealed the fact that the dis- 
ease was present in the garden as early as 1930, and that it occurs 
on wild goldenrod in Polk, Hardee, DeSoto, Charlotte, Lee, and Dade 
Counties. The species known to be susceptible are 8olidago chap- 
manii, 8. edisomam, 8. eUvdtii, 8. jisttmsa, 8. leamnworihii, 8. 
miramis, and 8. sempfervirena. Of these, 8. edisoniana, S.fistalosa, and 
S. sempervirens are m^y susceptible and 8. leavenworthii slightly so. 

The disease results, directly or indirectly, in the loss of the leafage 
in which rubber is formed. 
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The symptoms of the disease are described. 

The causal fungus belongs to the genus ElsinoL The morphology 
and cultural characteristics of the organism are given, and it is de- 
scribed as a new species, E, solidaginis. Artificial inoculations on 
Solidago sempervirens gave positive results. 
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OXIDATION AND GAS FORMATION IN THE SPONTA- 
NEOUS HEATING OF HAY ‘ 


By E. J. Hoffman 

Attoeiaie chemiti, ChemM Engineering Dimeion, Bureau of Chemistry and Soils, 
United Stales Department of Agriculture * 

INTRODUCTION 


In a series of large-scale experiments on the spontaneous heating 
of hay, conducted by the Bureau of Chemistry and Soils, hay was 
stored under varying conditions in order to determine those conducive 
to excessive heating and ultimately to spontaneous ignition, as well 
as to investigate the causes and effects or spontaneous heating imder 
these conditions. 

In these experimeiits the progress of heating was followed carefully, 
obseiwations of various factors that could influence spontaneous 
heating were made, and the products of such heating were investigated. 

The results of analyses of the gases formed during the heating of 
hay in these experiments showed a striking similarity to the results 
of a laboratory study designed to determine the relative tendency of 
imdecomposed and decomposed hay to absorb oxygen. For this 
reason both investigations are presented in this paper. 

Conflicting hypotheses have been proposed by investigators to 
account for the spontaneous heating and ignition of hay. However, 
it is commonly accepted that the production of heat in a mass of 
undercured or wet hay at temperatures up to 70° C., or slightly higher, 
is due mainly to the respiration process of the living plant cell and the 
activity of micro-organisms. But to account for temperatures above 
this, at which micro-organisms are no longer active, causes other than 
biological are ascribed. These are generally referred to as cheinical. 

The extent to which heating during the period of biological activity 
may be ascribed to purely chemical action has been the subject of 
considerable investigation and debate. It has been held by propo- 
nents of chemical-activity theory that if the higher teinpcratures are 
to be ascribed to chemical or physical agencies, it is quite reasonable 
to suppose that these agencies already have begun to operate at the 
lower temperatures. Since t^ie results presented in this paper are 
concerned primarily with temperatures lying within or slightly above 
the range ascril>ed to biological agencies, a brief review of investiga- 
tions supporting the theory of chemical action at these temperatures 
is given as a basis for the discussion of the results. 
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REVIEW OF PREVIOUS INVESTIGATIONS 

Miehe ( 6 , 7 )^ held that beyond the limited effect of plant respiration 
the rise of temperature is due mainly to the action of micro-organisms. 
This action could carry the temperature up to 70° or slightly 
higher, but he found that at 68.5° all micro-oiganisms had oeen 
destroyed. He opposed the view that ordinaiy heatup in haymows 
is due to simple chemical activity, but suggested that when the 
temperature rose above approximateiy 70° some physical or chemical 
change had been produced by the long-continued effect of heat or 
bacterial action at 70°, which rendered the hay susceptible to purely 
chemical oxidation. He su^sted further that hay carbonization 
might occtir by a process of distillation even at a temperature as 
low as 70° to 80°, if this temperature were maintained for a consider- 
able time. 

According to Burri (d), in the processes of spontaneous heating the 
temperature rarely exceeds 70° C., beyond which the activity of 
enzymes and micro-organisms is absolutely excluded. If the tem- 
perature can be raised beyond 70° by purely chemical processes it 
would appear plausible that the same agencies are already active at 
lower temperatures, even between 50° and 70°. 

He held that there were good reasons for believing that, in the case 
of hay which is sufficiently wet, and in which the livmg plant has died 
and the respiration process has ceased with the production of a tem- 
perature of 45° to 50° C., a further increase in temperature can be 
produced by a chemical oxidation process, but that this chemical 
process alone would probably not be of sufficient intensity and dura- 
tion to raise the temperature to 70°. However, on the assumption 
that in haymaking the respiration enzymes have been rendered more 
resistant to heat than is commonly supposed, the heat formation 
resultii^ from the respiration process probably would cease, not at 
45° to 50°, but perhaps at 60° or higher. On this assumption a tem- 
perature level might be reached without the cooperation of micro- 
organispas beyond which purely chemical and physical processes 
would account for the heat production. 

Boekhout and DeVries (f) concluded from their investigations of 
the heating of hay and tobacco that micro-organisms have no part in 
the ph^omenon, but that spontweous heatii^ of hay is only a chem- 
ical oxidation process in which iron occurring naturally in the plant 
acts as a catalyzer. 

Haldane and Makgill U) determined the relations of oxygen absorp- 
tion and carbon dioxide liberation in samples of hay through which a 
constant flow of pure air was passed. They confirmed the biological 
conclusions of Miehe and concluded further that even at temperatures 
as low as 38° to 41° C. a simple chemical oxidation takes place side 
by side with the biological oxidation. The chemical oxidation could 
be distinguished easily from the biological by the fact that the former 
diminidied with lapse of time, and ov the ratio of carbon dioxide 
liberated to the oi^gen consumed. This ratio was always consider- 
ably below uniiy m the chemical oxidation and about equal to or 
greater than unity in the biological oxidation. 

At 71° C. there was an enormous fall in the oxidation rate, since 
all microbia l activity was suspmded and only the chemical oxidation 

> Keferenpe i# by nuiab«ar (italic) to Literatura Cited, p. 546. 
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continued. A further rise of temperature to 81° caused a great 
increase in the chemicM oxidation rate, and a similar result occured 
at 90°. According to Haldane and Makgill, the rapid development 
of heat in a la^e mass of damp hay is due almost entirely to the 
growth and activity of micro-organisms, which can raise the tempera- 
ture to about 70°, but oxidation occurs in the damp hay even when 
microbial activity is absent. 

Tnminger (8), after discussing oxygen respiration and intramolecu- 
lar respiration of plants and the role of bacteriological activity in heat 
production, suggested the desirability of inves%ating whether the 
activity of certam bacteria and molds in the fermentii^ haystack may 
produce easily oxidizable substances which might serve as the soxirce 
of subsequent purely chemical processes. 

The theory of the roontaneous heating and ignition of la^e masses 
of hay proposed by Browne (2) is based upon the preliminary pro- 
duction by micro-organisms under more or less perfect anaerobic 
conditions of unsaturated, highly unstable, intermediate-fermentation 
products upon the surfaces of the porous, cellular materials. The 
duration of existence of these readily oxidized products depends upon 
the quantity of air that gains access to the fermenting mass of hay 
and also upon the quantity of moisture present as a reacting medium. 
If the air has free access these compounds are destroyed almost as 
soon as formed, with the result that when the vegetative micro- 
oi^anic life is all destroyed, at 70° to 80° C., there is not a sufficient 
residue of such easUy oxidizable substances to cany the heat produc- 
tion to higher limits. The heat of the microbial life period is prob- 
ably due in large measure to the oxidation of the same unstable 
products that participate in raising the temperature above 80°. 

LARGE-SCALE EXPERIMENTS 

PROCEDURE 

The experiments reported here comprise 5 of the 10 spontaneous 
heating experiments completed in the experiment^ hay bam on the 
United States Animal Husbandry Farm at Beltsville, Md. A brief 
statement regarding each emeriment follows. In all the experiments 
alfalfa hay contaimng less than 30-percent moisture is referred to as 
cured alfmfa. 

ExpEBtiiriiNT 1 , June 1929 

The hay stored in experiment 1 was 14 toiw of undercured alfalfa, 
containing a minimum of 30.69 and a maximum of 43.45 percent 
moisture, an average of 36.35 percent for seven levels of mow, 1, 3, 
6, 7 , 8, 1 1 , and 12 feet from the floor of the bam. The hay was stored 
on June 7 to a height of 12 feet in a comer section of the bam, 16 by 
16 feet, leaving the east and south sides of the mow exposfed. A 
maximum temperature of 72° C. was reached on June 15, in the 
center of the mow. After June 16 the temperature throughout the 
mow continued to drop until, on August 27 , the average of the five 
highest temperatures was 41°. The final height of the mow was 8 
feet at the center. 

Expbbuient 3 , July 1930 

In experiment 3, as in all others following this, the entire floor space 
of the bam (26 by 24 feet) was used for 8torage,_except for a narrow 
alle 3 rway (3 by 24 feet) on the entrance, or east side of the bam, thus 
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exposiiif the moyr on onJy one side. The hay used was 55,987 pounds 
of oalea alfalfa, having an average moisture content of 15.23 percent. 
As the hay was put into the mow^ it was tom apart and sprinkled with 
40,000 pounds of water, bringing its moisture content up to an 
average of 50.55 percent. The barn was filled to a height of 15 feet 
on Jmy 22 to 25. The final settled height of the mow was 13 feet. 
A temperature of 87.5° C. was reached on July 30 at thermocouple 
20, located 6K feet from the floor, 8 feet directly east of the center of 
the mow, and 4 feet from the alleyway on the east. On August 20 
the maximum temperature, 88°, was recorded at a location 9K feet 
from the floor, 8K feet from the eastern alle 3 rway, and slightly to the 
north of the center of the mow. On September 5 several thermo- 
couples still registered as high as 70°. 

Experiment 4. June 1931 

In experiment 4 the hay was stored on Jime 2 to 4. Dry timothy 
containing 10.10-percent moisture was put in up to a height of 4^ feet 
from the floor; 14,900 pounds of undercured alfalfa, having an aver- 
age moisture content of 56.10 percent, was put over an area of 10 by 
10 feet in a central section of the mow, up to a height of 12% feet; the 
imdercured section was covered and surrounded to a height of 16^ 
feet by cured alfalfa having an average moisture content of 28.46 
percent. The maximum temperature, 78° C., was recorded on Jime 
15 at thermocouple 25, in the cured alfalfa just above the center of the 
undercured section. The temperature here had dropped to 71° on 
June 26, on which date the three next highest temperatures were 68°, 
63.5°, and 61.5°. When the hay was removed from the barn, on 
July 6 to 8, the settled height was 10 feet. 

Experiment 5, July 1931 

The hay used in experiment 5 was diy timothy, containing 16.08- 
percent moisture, on the bottom of the mow to a height of 2 feet; 
cured alfalfa of 19.78-percent moisture content to a height of 0% feet; 
undercured alfalfa of 31.34-percent moisture content to a height of 
9% feet; and dry timothy on top of this to a height of 15 feet. The 
maximum temperature, 56° C., was reached on July 19 to 20, 6 days 
after storage (July 13 to 16), at thermocouple 18, locu.ted at the 
junction of the cured and undercured alfalfa in the southeast section 
of the mow. On August 20, when the hay was removed from the 
bam, the maximum temperature was only 35.5°. 

Experiment 9, June 1933 

The hay in experiment 9 was stored from June 5 to 13 and removed 
on October 10. It consisted of cured alfalfa, containing 29.86-percent 
moisture, on the bottom of the mow to a height of 4% feet; undercured 
alfalfa of 43.17-percent moisture content to a height of 8% feet over 
an area of 10 by 10 feet in a central section; and cured alfalfa of 
29.86-p6rcent moistme content surrounding and covering the under- 
cured nay to a height of 16% feet. At the time of removal the hay 
bad settled to a height of 13 feet. The highest temperature, 68° C., 
was reached on June 13 at thermocouple 20, located 6 feet from the 
floor, at the exact center of the jimction of the cured and undercured 
hay. From June 14 the temperature throughout the mow fell rapidly 
until July 5, when thermocouple 20 registered 60°. 
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APPARATUS FOR GAS SAMPLING 

The apparatus used in the collection of the samples of gas is shown 
in figures 1 and 2. The gas-sampling device (fig. i; A, B, and C), 
consists essentially of an aluminum capillary tube (a) having a bore 




of approximately 0.02 inch supported by a larger tube (6) of the same 
metal of 13 /32-inch diameter. It is through this capillary tube that 
the sample of gas passes during collection. The length of tube used 




a 




is detennined in each case by the distance to which it is desired to 
penetrate the mow for sampling. Five-, ten-, and twelve-foot length 
have been found satisfactory. In operation, the end of the tube 
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carrying the removable tip (c) is inserted to the desired point in the 
mow and the other end of the tube (d) is connected bv ruober tubing 
through the capillary T-tube 2, c) to one end of the gas-sampling 
tube (fig. 2, a). The glass tube (a) has a capacity of approximatelv 
250 cc. Previous to use it is sealed off at one end, highly evacuated, 
and then sealed off at the other end. The metal capillary and glass 
connections are then cleared of air by closing the stopcock («), com- 
pressing the rubber bulb (6) attached to the ttod arm of the capillary 
T-tube, and then reopening. the stopcock, allowing gas to be drawn 
into the bulb. Then the stopcock is closed again, and the scratched 
tip of the gas-sampling tube is broken at (d), whereupon the desired 
sample of gas is drawn by vacuum into the gas-sampling tube. Im- 
mediately upon detaching, the broken tip of the gas container is 
inserted airtight into a wax-sealing material contained in a small metal 
tube, such as a .32-caliber cartridge. This material is a mixture of 
beeswax and Venice turpentine in proportions varying with- the 
temperature at which it is to be used, l^e sample is then readv for 
analysis. A Burrell precision-model gas-analysis apparatus is aamir- 
ably adapted for this purpose. 


RESULTS 

The results of the analysis of the gases collected in the several 
eiqieriments, together with other data pertaining to the samples, are 
given in table 1. 
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All the samples in experiments 1, 3, 4, and 5 were analyzed for car- 
bon monoxide, hydrogen, and methane. Carbon monoxide and 
hydrogen were determined by combustion in the copper oxide tube 
at 290® to 310® C. (after removal of constituents soluble in caustic 
potash, fuming sulphuric acid, and pyrogallol), and methane was 
determined in the slow-combustion pipette. Methane was absent 
in all the samples, and neither carbon monoxide nor hydrogen was 
found in the samples taken in experiments 4 and 5. Carbon monoxide 
and hydrogen were found in only one sample in experiment 3, and the 
amounts in that were within the limits of experimental error. One 
sample in experiment 1 appeared to contain approximately 0.1 to 0.2 
percent of carbon monoxide, wMe the contraction of the gas upon 
combustion over copper oxide in five of these samples inmcated a 
possible hydrogen content of 0.1 to 0.3 percent. In several of the 
samples in experiments 1 and 3, a considerable quantity of the gas 
was removable by fuming sulphuric acid. Tests for phosphine and 
hydrogen sulphide on all samples in experiment 1 and on a large pro- 
portion of those in experiment 2 gave negative results. Practically 
all the samples of gas had a peculiar pungent odor similar to that of 
aldehydes and esters. 

It will be observed that in experiment 1 the samples of gas from 
sources where temperatures of 68° to 70® C. prevailed at the time of 
collection, or previously, show an oxygen loss greater than the carbon 
dioxide formed. 

The data for experiment 3 also show definite evidence of excess 
oxygen consumption. Furthermore, the large (quantities of carbon 
dioxide formed in the heating haymow, combined with the high 
degree of exhaustion of the available o.xygen shown by most of the 
samples, indicates more than ordinary activity. This indication is 
borne out by observations made of the physical qualities and appear- 
ances of the hay when removed from the mow, namely the prepon- 
derance of spoiled, brown and black, acid-charred material. 

The activity in experiment 4, where a maximum temperature of 
78® C. was observed, is fairly comparable with that in experiment 1, 
with a maximum of 72®, notwithstanding the fact that the absolute 
quantities of carbon dioxide in the samples are generally somewhat 
lower. The conditions of storage and the smaller volume and 
weight of the wet hay may have permitted a greater dilution of the 
gases with air from outside sources, which, in spite of the slightly 
higher and longer prevailing temperatures, would cause a lower car- 
bon dioxide content an<i a ocrrespondingly lower value for the oxygen 
consumption. 

In experiment 5, the relatively small volume of undercured hay and 
its (Comparatively low moisture content appear to account for the 
low degree of activity, with low carbon dioxide production and lower 
oxygen loss. The results as a whole may be taken to indicate con(h- 
tions of the ordinary “sweating” process. 

In experiment 9, 68® C. was the maximum temperature observed, 
and it will be noted that the COjiOi-loss ratio is greater than umty in 
all the samples. 
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LABOBATORY OXIDATION EXPERIMENTS 

PROCEDURE 

The purpose of this laboratory inTestization was to determine the 
relative tendency to oxidation of naturm undecomposed alfalfa hay 
and fflmilar alfalfa hay vdiich had undergone spontaneous heating in 
the mow or had been fermented upon exposure while wet. It was 
premised that if unsaturated or other easily oxidized substances were 
present in the decomposed samples, these samples should absorb rela- 
tively more oxygen than the undecomposed samples, and would throw 
light on the question of the production of unsaturated oxidizable 
substances during spontaneous heating. The difficulty of securing 
samples of heated hay from the mow without exposing them to the 
air was recognized at once; hence, in the first large-scale experiment, 
nitrogen was constantly passed through the boring tube used for 
removing the samples and the sample containers were filled in an 
airtight box in which the air had been displaced by nitrogen. Analysis 
of the protecting gas taken from the sample containers (half-gallon 
fruit jars) at the time the samples were removed for oxidation tests 
proved the efficiency of this method. As these samples did not show 
much absorption of oxygen, the use of protecting gas was abandoned 
in subsequent experiments but every other precaution was taken to 
avoid undue exposure. 

A temperature of 80° C. was selected for the comparison because 
of the general agreement among investigators that at this temperature 
all microbial activity has ceased. To confirm the presumption that 
such action is absent also in the hour’s time of attaining the excluding 
temperature range, this initial heating was investigated. Experi- 
ments were conducted at 90° to show the effect of higher temperature. 
The possible analogy of such oxidations to the well-established avidity 
of linseed oil and other unsaturated oils to take up oxygen was not 
overlooked, and a test on boiled linseed oil impregnating an equal 
weight of cotton waste was conducted under identical conditions. 

APPARATUS 

The apparatus in which these experiments were conducted is shown 
in figure 3. a is a Pyrex round-bottom flask having a capacity of 
1,054 cc when tightly closed with the three-hole mbber stopper e 
carrying a thermometer and a capillary tube which emei^es through 
the stopper to/. A small condenser tube (internal diameter about 
4 mm) of the condenser d is connected through the third hole of the 
stopper. This tube is joined, by me^s of rubber tubing at g, to a 
capillary tube bent as shown, which in turn is coimected at h to the 
smafi end of the inverted separatory fuimel b of approximately 600-cc 
capacity joined at the tubulature by rubber tubmg to a leveling bulb. 
Above the point h a capillary tube is sealed on at a ri^ht an^e and 
cormected with a small open mercury manometer m. On the other 
side of the fl^k a, cormection is made from / by capillary tubing to k, 
where it is joined by rubber tubing to c, a cylin^cal glass tube having 
a capacity of about 300 cc, and provided with stopcock 1. This cori- 
tainer also is provided with a levelir^ bulb, o is a cylindrical oil 
bath in which Bask a is immersed in heavy mineral oil. This ba^ is 
heated from below by means of an electric hot plate p, and within the 
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oil by an electric heater n, can^g a stirrer and regulated by means 
of a bimetallic thermostat r. The oil bath has an inside diameter of 
33 cm and is well insulated on its sides with a 5-cm tbi nk u ess of asbes- 
tos. By means of the regulator and heater, temperatures can be 
maintained to within 0.4“ C. The total volume of the closed system 
from stopcock s to stopcock I, including flask a, the condenser, manom- 
eter tube, and capillary tubing of 0.5-mm diameter, is 1,060 cc. 

In conducting an experiment, the mercury used in b and c is raised 
to stopcocks 8 and I, respectively, and the stopcocks are closed. A 
weighed sample is then placed in a, the rubber stopper canying the 
thennometer, the condenser, and the capillary tube is tightly Inserted, 
and cormections are made at/ and g by means of rubber tubing. The 
temperature of the air and sample and the barometric pressure are 
noted 'at the time of closing the system, and the enclosed air volume 
(1,060 cc) is later corrected for air displaced by the sample. This 
displacement is calculated from the specific gravity determined experi- 
mentally on the dry matter contained in several representative t 3 rpes 



of samples. From the average of these figures, which varied little, a 
correction value was obtained of 0.7 cc of air displaced per gram of dry 
matter. This corrected volume is reduced to the furbitrary standaid 
conditions of 26“ C and 760 mm pressure, the tension of water vapor 
being taken into account. 

The bath is now heated by the electric hot plate until the tempera- 
ture has reached to within aoout 10“ of the desired bath temperature; 
then the heater within the oil is substituted as the source of heat and 
serves for all subsequent heating. As the temperature of the fia^ « 
and its contents rises, the excess of expandir^ air is allowed to collect 
in container b, the stopcock of which has been opened at the start of 
heating. During this time and throughout the entire experiment, the 
level of the mercury is kept adjusted to atmospheric pressure as m- 
dicated by the manometer levels. If, as in some experiments, con- 
tainer b is not sufficient to take care of the jut expansion, contamer c 
dso ro.ay be used for the purpose. The small condenser a serves to 
condense and avoid loss of moisture in the sample. 
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When the bath reaches the temperature desired, the temperature in 
flask a containing the hay sample is recorded as the initial temperature 
for the subsequent 4-hour period of heating at the fixed bath tempera- 
ture, Temperature readings are recorded at frequent intervals during 
the heating. The temperature of the sample and air in the flask wm 
found to be always somewhat lower than the bath temperature, in 
most cases probably owing to the evaporation of water. 

At the end of the 4-hour period the bath is cooled as rapidly as pos- 
sible by means of cold water passed through cooling coils located 
around the interior walls of the bath. During the coohng some of the 
previously expanded air collected in 6 is returned to a to take care of 
the contraction in a. When the bath temperature has fallen to 50° to 
60° C., stopcocks t and I are opened, and the gas is passed back and 
forth through a from 6 to c until the entire volume of gas has become 
thoroughly mixed. Finally all the gas is removed from 6, and stop- 
cock s IS closed. The sampling of gas for analysis is then completed 
by drawing into c the volume required for several analyses. From c 
the gas can be transferred readily through capillary connection into 
the burette used in the analysis. 

The time required to raise the oil bath from room temperature to 
80° C. was remarkably uniform in the experiments, the records show- 
ing a maximum of 68, a minimum of 52, and an average of 61 minutes. 
To raise it to 90° required only a few minutes longer. The cooling 
from 80° to 90° to 50° to 60° required an average of 23 minutes. 

RESULTS 

The results of the laboratory experiments are recorded in table 2. 



Table 2. — Results of laboratory experiments on the oxidation of hay 
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UNDERCURED ALFALFA (BATH TEMPERATURE, 90« C.) 
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In this table the samples of hay are designated by a combination of 
numbers or of letters and numbers. The letter S indicates that the 
sample was the standard laboratory sample drawn before storage and 
corresponding to the hay stored in wire-cloth containers (or “baskets ”) 
in the respectiye laige-scale experiments. The letter B indicates that 
the sample was from one of such baskets after storage. The number 
in parentheses is the number of the large-scale experiment. In the 
sixth column, which shows the temperattire range during the 4-hour 
heating period, the initial temperature of the period is ^ven as the 
lower mnit, but the temperature prevailing during practically all that 
period was very close to the maximum temperature recorded. For 
the purpose of more accurate comparison the oxygen absorbed and 
carbon ^oxide formed are computed for equal amounts (25 g) of 
moisture and ash-free sample, and with the exception of section 4 
the results are arranged in the order of increaring oxygen absorption. 
Available Oj at maxunum temperature is that portion of the original 
oxygen remaining in the oxidation flask when the air had been 
expanded by hea&ig to the maximum temperature of the experiment. 
All volumes given in the table are for 26® C. and 760 mm. 

The values given iii the table for oxygen absorbed and carbon 
dioxide formed are not corrected for the relative solubility of these 
gases in the water of the hay samples at the temperature and pressure 
of sampling. Such corrections would not exceed 1 cc for carbon 
dioxide and 0.15 cc for oxygen in the hay sample with the highest 
water content, and in no case would the tabulated results be materially 
affected by these corrections. 

^me of the samples of gas were analyzed for combustible constitu- 
ents, with negative results. 

In the case of boiled linseed oil, however, the combustion over 
copper oxide resulted in a contraction of volume equivalent to 0.16 
percent of hydrogen and a production of carbon dioxide equal to 0.32 
percent of carbon monoxide. Attention is called to a recent experi- 
ment by Haldane and MakgUl (6) in which carbon monoxide occuwm 
in the gas resultii^ from the oxidation of boiled linseed oil at 18 C. 
According to Haldane and Makgill, small quantities of carbon 
monoxide are formed also in the oxidation of wet hay at 40 , when 
bacterial activity is entirely excluded. Under the influence of bacteria, 
however, hydrogen is formed. i 

In table 2, section 1, S(8) was a sample of undercut^ alfalfa t^^ 
in September 1932 from a field in the vicinity of Belts^e, Md. 
Sample S(9) was undercured alfalfa from another field near BeltsviUe, 
collected in June 1933. Sample S(9) fermented was a sa-rnple of the 
same hay after exposure in me laboratory to warm moist ^ for 3 
weeks, while S(9) moldy had been exposed to room temperature for 
11 days in a loosely closed jar. Sample 1(10) wm underc^d 
collected on June 12. 1934, from a field also m the ^ Belts- 

viUe. S(4) 7(4). 9(4). and 6(4) were undercured alfalfa from the 
ddry husban^^ at BeltsviUe. Sample 6(4) was slightly sour 

'^The^ffi^t of moisture is indicated in simples 7 ( 4 )j 9(4). ^) 

of hay from the same field. The oxidation ^feases 

content. In samples S(9) fermented, wtach had 

changes, and S(9) moldy, in which considerable mold had formed, the 

oxiSn was ^ater thkn in S(0). For apparently the same reason 
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the oxidation was greater in the soured sample 6(4) than in samples 
7(4), 9(4), or S(4). The ratio of CO 2 formed to oxygen absorbed is 
less than unity in all experiments. 

In table 2, section 2, samples A(9) and B3(9) were from the same 
hay as S(9) (sec. 1) but had undergone spontaneous heating. The^ 
samples were collected from a location in the mow (table 1, experi- 
ment 9) where a maximum temperature of 68° C. was reached 7 days 
after storage and where a temperature between 68° and 60° prevailed 
for 28 days afterward. Sample B3(9) had undergone a decomposition 
loss in dry organic matter of nearly 14 percent. Samples 18(1) and 
13(1) were si^ar, having been collected in experiment 1 from locali- 
ties in which an average temperature of 68° had prevailed for several 
days. Samples B2(4), B6(4), 25(4), and B8(4) were the result of the 
heating during storage of undercured hay S(4), 7(4), and 9(4) (sec. 1). 
Samples B2(4) and B6(4) had been stored in a section of cured alfalfa 
where the temperature for about 25 days averaged 55° and 58°, 
respectively; B2(4) had lost 22 percent and B6(4) 19 percent of dry 
organic matter. Sample 25(4) was collected from a location in the 
originally imdercured alfalfa where the temperature had ranged from 
68.5° to 60° for 30 days. Sample B8(4) had undergone a heating of 
73.5° to 63° for 26 days in a wire basket located in the undercured 
alfalfa section of the mow. This sample had lost a little less than 1 1 
percent of dry organic matter during storage, but the metal basket 
had become badly corroded, and the sample was contaminated with 
copper and nickel as indicated by the high ash content and proved by 
the analysis of the ash. 

With the exception of this contaminated sample the results for all 
the experiments in section 2 show very low oxygen absorption and 
carbon dioxide formation as compared with those in section 1 . It is 
possible that this is due largely to the comparatively lower moisture 
content of the samples in section 2, although such an effect is not 
indicated in sample 25(4), which has the highest moisture content but 
only a shghtly greater oxygen absorption and carbon-dioxide forma- 
tion. Apparently the lower results must be ascribed to the losses of 
organic matter dxiring storage and to the previous destruction of any 
unsaturated substances that might have been formed in the course of 
spontaneous heating. 

The experiments recorded in section 3 of table 2 were carried out at 
temperatures about 10° higher than those in sections 1 and 2. The 
effect of this higher temperature is shown in the increased oxidation 
in 5 of the 6 cases, excluding sample B6(4), to which water had been 
added, and in an increase in the proportion of carbon dioxide formed to 
oxygen absorbed in 4 of the same 6 cases. In sample B8 (4) the oxygen 
available for oxidation at the maximum temperature had been greatly 
decreased from the corresponding value shown in section 2 by the 
exp^sion accompan^ng the elevation of temperature. 

The experiment with sample S(8) (sec. 4) was designed to show the 
behavior of undercured alfalfa when subjected to oxidation under con- 
ditions believed to be favorable for microbial action. Accordingly a 
sample was kept at a temperature of 45° C. for 78 hours in the same 
apparatus and according to the identical procedure followed in the 
other experiments at higher temperatures. In this experiment the 
oxygen absorbed was greater, but the carbon dioxide formed was less 



S«pt. w, 1886 Qas FormaHon in the Spontaneous Heating of Hay 543 


than in the experiment with the same hay at 75° to 77.4° (sec. 1). 
The ratio of COa formed to Oa absorbed was consequently lower than 
at the higher temperature. 

The alfalfa of previous experiments, sample S(4), completely dried 
and ^und, was heated as shown in table 2, section 4. There was 
very little oxidation, but the carbon dioxide exceeded the oxygen loss. 
To another sample of the same dry and ground hay an equal weight 
of water was add^, and the oxidation was observed. The effect of 
this wetting is quite apparent in the enormously increased oxida ti on. 
Here a^ain the carbon dioxide formed exceeded the oxygen absorW. 

A third sample of this dry, grotmd hay heated around 100° C. showed 
a greater oxidation than the same dry hay at 85.5° to 90.5°, with a 
reversal of the ratio of carbon dioxide formed to oxygen consumed. 
Presumably some destructive distillation was to be expected here, 
and if it occurred it appears to have been accompanied by the for- 
mation of products that increased the relative absorption of oxygen. 

The resiuts of the experiment with boiled linseed ou show the char- 
acter and comparative degree of the oxidation of unsatiirated oil and 
very probably furnish the clue to the nature of the chemical oxidations 
of hay, insofar as these may involve the oxidation of unsaturated 
substances formed as the result of heating. 

The character and extent of the oxidation which occurs in the inter- 
val of approximately 1 hour required to brii^ the temperature up to 
the temperature at which the 4-hour period of heating begins are 
shown in the case of samples 7 (4)a and 1 (10)a. It is evident that this 
initial oxidation is considerable, but of essentially the same chwacter 
as shown by the other experiments with the same hay, in which the 
heating was continued for the usual 4 hours, samples 7 (4)b and 1 (10)b. 
Furthermore, if the values for oxygen consumed and carbon dioxide 
formed in samples 7(4)a and l(10)a are subtracted from the corre- 
sponding values for samples 7 (4)b and 1 (10)b, it will be seen that the 
ratios of carbon dioxide formed to oxygen consumed in the 4 hours 
in which the oxidation was confined to the maximum temperature are 
not materially affected. 

Experiments were made to determine the effect of heating more than 
the arbitary 4 hours. Sample 1 (10)c was heated for 20 hours. It was 
then heated for an additional 20 hours with a fresh supply of air, 
sample 1 (10)d. The results show a progressive oxidation, mcomplete 
but of approximately the same character. 

DISCUSSION 

The results of the laboratory oxidation experiments (table 2) con- 
sidered in relation to the results of the analysis of the gases collected 
in the large-scale experiments (table 1) throw considerable light on the 
question of chemical activity in the heating haymow. In the first 
place, the laboratory experiments at temperatures between 77° and 
80° C., where chemical oxidation occurred in natural imdercured 
alfalfa without the intervention of micro-oi^amsms, show that at these 
temperatures chemical action is accompanied by an oxygen consump- 
tion in excess of the carbon dioxide formed, and that this oxidation is 
progressive and of the same character regardless of whether it is 
umitod to 4, 20, or 40 hours (table 2, secs. 1 and 4). 
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On the other hand, the experiments with tmdercured hay which had 
already suffered oxidation in the mow show that at these same tem- 

S eratures chemical oxidation may result in the production of carbon 
ioxide in excess of the oxygen consumption (table 2, sec. 2). Further* 
more, the results of heating at approximately 90® C. show that at this 
temperature there is increased cnemical activity accompanied by an 
increase in the proportion of carbon dioxide formed to the oxygen 
absorbed (table 2, sec. 3). It is very probable that in these samples 
some of the oxygen combined chemically in the earlier stages 
of chemical oxidation may be liberated as COj in the later stages, 
in which case the carbon dioxide produced may exceed the oxygen 
absorbed. 

It may be concluded, therefore, in harmony with the previous 
conclusions of Haldane and Makgill (4), that a consumption of 
oxygen ^eater than the liberation of carbon dioxide is an evidence 
of chemical oxidation. But it does not follow that all chemical 
activity is limited to those instances in which the carbon dioxide 
liberated is less than the oxygen consumed. 

If, therefore, an oxygen consumption in excess of carbon dioxide 
production is evidence of chemical oxidation, in order to determine 
the occurrence of chemical action in the presence of biological activity 
in the spontaneous heating of hay, it is necessary to assume that the 
production of carbon dioxide in amounts equal to or greater than 
the oxygen consumed is characteristic of biological action. This 
assumption appears to be justified by the observations of Haldane 
and Makgill referred to above, and it is in agreement with the results 
of extensive investigations of the mechanism of plant respiration and 
micro-oi^anic activity, at least where the resultant gaseous product 
is carbon dioxide alone. 

Upon the basis of this distinction between chemical and biological 
activity, the results of the investigation of the gases collected in the 
large-scale spontaneous-heating experiments show that, along with 
the respiration processes of the living plant cell and the activity of 
micro-organisms, chemical oxidation occurred where a temperature 
range of 68® to 70® C. prevailed (table 1, experiment 1 ). For the pro- 
duction of the temperature required for the initiation of this chemical 
action, in the absence of other evidence, the operation of biological 
agencies must be assumed. Upon the same basis, chemical actmty 
is established also for temperatures between 72® and 78® (experiment 
4), and this is still more positively indicated in experiment 3, where 
temperatures between 76® and 88° prevailed for several weeks. 

The results of experiments 6 (maximum temperature, 66® C.) and 
9 (maximum temperature, 68®) do not show chemical oxidation, but 
they do not exclude the possibility of such oxidation as may have 
occurred along with the greater activity of micro-organisms. 

From the evidence thus far presented the conclusion is justified 
that chemical oxidations take place in the heating haymow at a 
temperature as low as 68® C. The evidence of chemical activity is 
not so satisfactory for temperatures much below this. However, 
the laboratory experiment on sample S(8) (table 2, sec. 4) may be 
interpreted as showing chemical oxidation combined with microbial 
action. As already stated, this experiment was expected to show 
the b^avior of undercur^ alfalfa subjected to oxidation under 
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conditions believed to be favorable for microbial action. In this 
experiment the hay was kept at 46° for 78 hours, and the annift 
procedure was followed as in the other experiments at tempera> 
tures. Here the relation of carbon dioxide formation and oxygen 
consumption was found to be of the same order and character as in 
the same alfalfa at approximately 77°. The C02:02 loss ratio was 
far below umty. If this experiment may be accepted as showing 
chemical action at 46°, it would be reasonable to conclude that, 
throughout the whole rai^e of temperature usually ascribed to the 
action of biolomcal agencies, chemical oxidations also occur, simul- 
taneously or alternately. The results obtained in the investigation 
of the oxidation occurring m the interval of approximately 1 hour 
required to raise the temperature of the hay samples to approximately 
76° (samples 7(4)a and l(10)a, table 2, sec. 4) lend support to thfa 
conclusion. This initial oxidation was considerable and of essentially 
the same character as the subsequent oxidation up to a TnaYitnu-m of 
approximately 80°. 

The existence of chemical activity in a mass of hay in which the 
temperature has risen from any cause whatever to the neighborhood 
of 80° C. is further confirmed by the fact that in the laboratory 
experiments such activity was produced by heat supplied from external 
sources. Similar activity obviously must be inferred in the case of 
the heating mass of hay at a corresponding temperature. 

The discussion of the results of this inves%ation would not be 
complete without a consideration of the s^nificance of an oxygen 
consumption in excess of the carbon dioxide liberated in the laboratory 
oxidation experiments. Perhaps the occurrence of small quantities 
of imsaturated substances in the hay may have some mfluence. 
Again, it might be assumed that there is an unequal absorption or 
adsorption by tlie heated hay of oxygen and carbon dioxide, which 
would affect the ratio of carbon dioxide formed to oxygen consumed. 
But under the conditions of experimentation it does not appear at all 
probable that the hay was converted into such a condition that it 
would have much adsorptive property. It is far more probable that 
the excess oxygen consumption was mainly o\ting to incomplete 
oxidations in which there was no corresponding carbon-dioxide 
formation, or to the production, under the infiuence of hea.t and 
chemical action, of unsaturated substances which were destroyed at 
once by oxidation. 

Unfortunately, because of the nature of the experiments,’ it was not 
possible to obtain direct proof of the presence of unsaturated sub- 
stances in the products of reaction. The same difficulty was experi- 
enced in the effort to show their presence in the samples of undercured 
hay which had undeigone spontaneous heating in the mow prior to 
the laboratoiy tests (table 2, sec. 2). The comparatively low oxida- 
tion i^ults in the case of these samples indicate that a partial or 
complete oxidation of any easily oxidized unsaturated products that 
might have been formed there had already occurred in the mow. 

The desirability of further investigations to determme whether or 
not imsaturated substances are readfiy formed in hay, either by purely 
chemical processes or by the ^tion of micro-oiganisms, is qmte 
obvious. And if such investigations should demonstiate that under 
the influence of heat supplied from external sources, with the exclusion 
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of microbial activity, unsaturated products are formed, the interesting 
question would arise whether chemical activity in the heating hay- 
mow may not be due in part to the production by heat of tmsaturated 
substances susceptible to oxidation. However, it would be necessary 
to assume that the heat production in the mow is due mainly to 
biological agencies, and consequently the distinction between the 
formation of unsaturated substances by microbial agencies and their 
formation as the result of the heat of microbial activity would be one 
only of proximate or ultimate cause. 

SUMMARY 

The results of an investigation of the gases collected during the 
spontaneous heating of alfalfa hay and comparative results of oxida- 
tion experiments in the laboratory are presented. 

Apparatus for the collection of gases from the heating haymow and 
a laboratory oxidation apparatus are described. 

The results of the investigation indicate that, along with the opera- 
tion of biological agencies in the heating ha^ow, there occurs a 
purely chemical oxidation, evidenced by a loss of oxygen considerably 
m excess of the carbon dioxide formed. This chemical oxidation is 
more marked beyond the temperature range usually ascribed to the 
activity of micro-oiganisms. 
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THE CONSTRUCTION OP NORMAL-YIELD AND STAND 
TABLES FOR EVEN-AGED TIMBER STANDS ‘ 


By Jaubb G. Osbosne, assistant sibncuUurist, and Fbancib X. Schuhacheh, 
sUmcuUurist, Division of Silvios, Forest Service, United States Department of 
AgricuUure 

INTRODUCTION 

A normal-yield table is a tabulated statement of yields to be ex- 
pected from well-stocked, even-aged stands of a given timber type, 
at successive ages, for the range of site qualities cWacteristic of the 
type. Normal-stand tables are frequency distributions of tree stems 
by diameter classes within stands of given age and site quality. 

All of the timber-yield tables published in the United States during 
the last 10 years have been based, either entirely or partiaUy, upon 
the Bruce method (I) * or Reineke’s modification of it (7). The 
accompanying stand tables have usually been based upon one of 
three principles of construction: (1) Correlation of percentiles of 
freq^uency with average diameter of stand {2, 8); (2) graphic fitting 
of either the normal curve of error or some logarithimc transformation 
of the normal cu:^e to actual frequency distributions (I, 7); or (3) 
mathematical fitting of the Gram-Charlier series to the actual dis- 
tributions after harmonizing calculated parameters with average 
diameter (4, B, 9, 10). 

It is the purpose of this paper to describe (1) a general method of 
constructing yield tables for the entire stand that is free from the 
inherent rigidity of the Bruce-Reineke method, and (2) a method of 
constructing stand tables that is more objective than the purely 
grapliic and less laborious in calculation than the Gram-Charlier 
series. 

YIELD TABLES 


The data upon which yield and stand tables are based consist of 
measurements of sample plots in the desired timber type. The 
sample plots selected should be in even-aged stands and laige enough 
to contain 100 to 300 trees. The objective is to enclose a com- 
paratively complete crown canopy by excluding the larger openings 
which foflow accident or failure of reproduction and at the same time 
to include the ground area equivalent to that used by the enclosed 
timber. After surveying plot boundaries in order to determine plot 
a^, the following measurements are taken; (1) Diameter breast 
high * of every tree by species and crown cl^; (2) heights of enough 
trees (usually 15 to 25) to permit the reliable estimate of average 
height of each diameter class; and (3) ^e counts, taken with an 
increment borer on several trees, to establish plot age. 

From these data, the yield and the stem distribution of each plot 
are calculated on an acre basis. Yield is expressed in several ways, 
such as number of trees, basal ar^, average diameter, and voli^e 
in cubic and board feet. The relation of yidd to age and site quality 


* BeoelTed for pubUoaHon Apr. 30, 1933; Issned Deoemtor 1938. 

* Keferenoe is made by number (italic) to Literatus C^d, p. 564. 

* Four and a half feet above the ground; abbreviation, d. b. h. 
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is then worked out. For the western white pine type, as an example, 
Haig (5) constructed tables for the following expressions of yield: 

A. For the entire stand: 

Number of trees per acre. 

Average diameter breast high. 

Basal area per acre. 

Cubic-foot volume inside bark per acre. 

B. For the trees 6.6 inches d. b. h. and larger: 

Number of trees per acre. 

Average diameter breast high. 

Basal area per acre. 

Board-foot volume per acre, according to the International log rule. 

C. For the trees 7.6 inches d. b. h. and larger: 

Board-foot volume per acre, according to the Scribner log rule. 

D. For the trees 12.6 inches d. b. h. and larger: 

Number of trees per acre. 

Average diameter breast high. 

Basal area per acre. 

Board-foot volume per acre according to the International log rule. 

Board-foot volume per acre according to the Scribner log rule. 

E. For the dominant stand: 

Average diameter breast high. 

Cubic-foot volume per acre. 

Height of average dominant (dominant and codominant) western white 
pine. 

In Haig^s investigation, as in practically all such studies, the direct 
relation of yield to age and site quality was worked out for the basic 
variables of the entire stand only, yields of the partial stand (with the 
exception of the height of the average dominant western white pine) 
being derived therefrom. 

These derived curves of yield have proved workable and satis- 
factoiy. But the curves of yield of the entire stand in terms of age 
and site quality are forced into too rigid a mold. The nature of tms 
rigidity will be shown and a method of analysis that entirely over- 
comes it described. The data consist of measurements of 99 fully 
stocked) even-aged sample plots of red gum {Liquidambar styracijlua L.) 
measured by R. K. Winters of the Southern Forest Experiment 
Station. 

THE DETERMINATION OP SITE INDEX 

The quantitative measure of site quality, known as site index, is 
the hei^t of the average dominant (usually including the average 
codominant) tree at a given age, called reference age, for which 50 
years is commonly taken, as in the present discussion. A necessary 
condition for the correct determination of site index is that it be 
intrinsically independent of plot age; for then the proportion of the 
sample plots whose site indexes are better — or poorer — than any 
given site index is the same, in the long run, at one age as at another, 
and, conversely, site index may be identified by associating it with 
the probability of occurrence. For example, the site quahties that 
are the most productive 10 percent of the area in a timber type 
should be represented by 10 percent of the sample plots in each a^e 
class whose height of average dominant — or dominant and codomi- 
nant — tree is greatest. 

The condition stated above may be fulfilled in field sampling if, 
while trying for ^proximately equal numbers of plots in each age 
class, conscious effort is made to secure random distribution of the 
sample plots with respect to site quality. It then follows that the 
curve of height on age (shown in ng. 1, A, for the red gqm data) is 
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years. B, Relation of the standard deviation of height of average dominant tree to age. C, Relation of 
the coeffloient of variation to age. 
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not only the gross regression but also a partial regression, that is, it 
represents the relation of height to age for a constant site index as 
as for the average of the site indexes, in this case 98 feet at 50 


years. 

The curves of height on age for other site indexes are next needed. 
In all of the recent jdeld studies in this country these have been 
defined as curves of the same form as that of average site index but 
differing therefrom by a constant ratio at all ages; for example, the 
curve of height of do min ant stand on age for the 80-foot site index of 


red gum would be defined as 



or —0.184; that is, 18.4 percent 


less than the curve values of figure 1, A, at any age. 

Now if site index thus defined holds tnie in nature, it follows that 
the coefficient of variation of height is mdependent of age. Other- 
wise there will not be the same proportion of the sample plots of a 
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Fiqube 2.— The relation of height of average dominant tree to age and site index: At As determined from 
the relation of the standard deviation or of the coefficient of variation to age; Bt on the assumption that 
the standard deviation is independent of age; C» on the assumption that the coefficient of variation is 
independent of age. 

given site class in all ages. This is an important hypothesis, and one 
that may be tested in each investigation. A method of making the 
test will be illustrated. 

The distributions of residuals from the curve of the average site 
index of figure 1, A, are collected in table 1 by selected age classes. 
At the bottom of the table are given the standard deviations in feet, 
and the coefficients of variation; the latter are the standard deviations 
epq>ressed as percentages of the curve vtdue of the mean. The rela- 
tion of these two constants of distribution to age is shown in figure 
1, B and C. The three curves of figure 1 permit of ready cross 
checking, because any value of the standard-deviation curve divided 
by the corresponding average must equal the coefficient of variation. 
Smce, according to me figure, the coefficient of variation is not inde- 
pendent of age m the early life of the stand, the definition upon which 
site index has generally been determined in yield studies auring the 

E ast decade does not bold for the red gum data; that is, the ratio of 
eight of dominant stand of a given site index to that of the average 
site index is not constant, but depends, rather, upon the age of the 
stand.* 

< Roy A. Chapman, of the Southern Forest Experiment Station staff, tested this hypothesis for 3 of the 
* - for which yield tables had been published; for 2 of them it did not hold. 
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Tablii 1. — Frequency dietribution of the plot reeiduals from figure 1, A, hy erhet fd 

age classes 


Deviation of height of Plots In age class indicated 


codominant tree from 
curved heieht for aver- 
age site index (feet) 

8-14 

years 

15-19 

yeims 

20-24 1 
years j 

26-29 

years 

30-34 

years 

36-39 

years 

' 

40-44 

years 

46-49 

years 

60-64 

years 

56-59 

years 

i 

60-69 

years 

70+ 

years 


Num~ 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 


ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber ^ 

ber 

+19. 60 to +22. 49 


1 










1 

+10. 60 to +19.49 



1 










+13. 60 to +16. 49 









1 




+10. 60 to +13. 49 

1 






1 


2 

1 



+7. 60 to +10. 49 


i 


i 





1 

1 

1 ! 


+4. 50 to +7. 49 

1 

2 

6 

1 

3 

1 1 

1 1 

2 

1 

1 


+1. 60 to +4. 49 

2 

2 


1 

1 



1 

1 

2 

2 

3 

“1.60 to +1.49 


1 



1 

1 


2 

2 


3 

4 

“4. 60 to “1. 49 

1 

1 




2 

1 

1 

1 


2 

“7. 50 to “4. 49 

3 




2 







“10. 50 to “7. 49 


1 







1 


2 


“13. 60 to “10.49 

1 




1 



2 

1 




“16. 60 to -13.49 


3 






1 





“19. 60 to “16.49 


1 





1 


1 


j 




“22. 60 to “19. 49 


[ 








2 

1 


“26. 60 to “22. 49 





1 







1 





1 . ... 









Total 

9 

13 

6 

2 

9 

6 

L± 

9 

11 

9 

11 

12 

Standard deviation^-feet.. 

6.6 

11.2 

1 6.7 

6.5 

9.9 

1 8.6 

7.4 

10.0 

8.3 

12.9 

8.8 

10.6 

Curved height at average 













age of class feet.. 

39.6 

49.2 

66.1 

70.0 

76.2 

82.6 

89.8 

95.2 

99.1 

104.4 

109.3 

123.1 

Coefficient of variation 













percent.. 

16.7 

22.8 

10.2 

9.3 

13.0 

10.3 

8.2 

10.5 

8.4 

12.4 

8.1 

8.6 


1 Computed from deviations measured to the nearest foot. The data are grouped into 3>foot classes for 
conciseness. 


Fortunately, however, the curves of height of dominant stand which 
result from such varying ratios may be easily deduced from figure 1. 
Again taking the 80-loot site index as an illustration, the curve for the 
height of dominant stand, as determined above, is 18.4 percent less 
than the curve values of figure 1, A, but this is at the reference age 
of 50 only. It should, however, be this same number of units of the 
coefficient of variation at all ages, so that the probability of occurrence 
of a given site index would be the same at all ages. Since the coeffi- 
cient of variation (as read from figure 1, (7) is 9.5 percent at 50 years, 
18 4 

site index 80 becomes ^ e ~ or —1.94 units measured from the aver- 

y.o 

age curve. And 1.94 times the curve value of the coefficient of varia- 
tion at apy given age is the percent^e reduction to be applied to the 
average curve to give the curve height for site index 80 feet at that age. 
The curves for other site indexes are calculated in a similar manner. 
Several are shown in figure 2, A. 

ffite index, then, may be assigned to each plot by plottii«_the height 
of its average dominant tree over its age on this graph and interpolat- 
ing between the nearest curves. ^ , 

in practice it is perhaps simpler to base the site-index curves upon 
the standard deviation rather than upon the coefficient of variation. 
As site index is independent of age, though the standard deviation of 
dominant height may or may not be inaependent of age, site index 
niay be defined as a deviation in standard units from the curve of 
dominant height on age. The absolute value of a standard unit at 
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any i^e for red gum is given in figure 1, B. For the reference age of 

( gO— 98\ 

g g 1 

= — 1.94 standard units measured from the curve of figure 1, A. At 
100 years of age, for instance, the height of dominant stand for site 
index 80 feet is 130+ (— 1.94X 11.3)= 108 feet. This process suggests 
a general expression of height jof dominant stand in terms of age and 
site index. We have (1) the expression 

H=MA) 

where H is height of dominant stand for average site index, expressed 
as a function /i of age A (fig. 1, A); (2) the standard deviation vh 
of the height of dominant^jstand as a function of age A, that is. 


<fH=Ji{A) 

where /2 is such a function as defined in figure 1, B. From these two 
expressions and from the definition of site index as given above, 

in which H is height of dominant stand at age A for site index S, and 
Ar is the reference age which determines the numerical expression of 
site index. This is a general expression of the joint effect of two 
independent variables upon a dependent variable when the correlation 
between the independents is zero. 

If the standard deviation had been found to be independent of age, 
a series of site-index curves, such as those of figure 2, B, would have 
resulted, in which each is a constant difference from any other. On 
the other hand, had the coefficient of variation been independent of 
age, the result would have been a series of site-index curves, each a 
constant ratio of any other (fig. 2, C). Since, however, both the 
standard deviation and the coefficient of variation are dependent upon 
age, the best estimate, as shown in figure 2, A, is intermediate between 
the others. 

THE CONSTRUCTION OP YIELD TABLES FOR THE ENTIRE STAND 

The same general method may be used for the expression of entire 
stand yield in terms of age and site index. Since age and site index 
are independent of each other, the gross regression of yield on age is 
also the partial regression for the average of all site indexes present. 
For a particular site index, however, the regression of yield on age is 
(in the general case) at a level which differs from the gross regression 
a certain number of units of the standard deviation of yield around 
the gross regression. How the number of such standard units corre- 
spond!^ to each site index is defined may be illustrated through the 
analysis of yield of red gum in cubic feet and in number of trees. 

In figure 3 is shown the relation to age of the gross regression of 
volume, the standard deviation of volume, and the coefficient of varia- 
tion of volume. The last-named is primarily for cross checking with 
the other two. The plotted points were computed in the same way 
as and the curves are analogous to those of figure 1. 
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The sample-plot data are next sorted according to site-index 
classes and entered on a form such as table 2, which shows a partial 
listing of the data for red gum, site index class 70-74 feet. In column 
6 are given the estimated volumes of the plots according to plot 
age, taken from figure 3, A. The residuals are given in column 6. 
In column 7 are the estimated standard deviations according to age 
as read from figure 3, B, and in column 8 the ratio of the residual 
to the standard deviation. For each site-index class the average 
site index and the average of the corresponding standard units are 
then computed. These standard units are then plotted on site 
index, and a freehtmd curve fitted to the points (fig. 4, A), the curve 
defining the deviation of the volume curve of any site index from the 
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Figure 4. — The partial regression of yield (in units of the standard deviation at any age) on site Index 
for A, volume in cubic feet, and B, number of trees. 


volume curve for the average of the site indexes, in standard units 
of volume at a particular age. It is converted to units of volume 
by multiplying by the standard deviation for the age. 


Table 2. — Form of compilation and calculations preliminary to the determination 
of the net regression curves of volume in cubic feet on age 


Site-index class (feet) 

Site 

index 

Age 

Volume per acre 

Stand- 
ard 
devia- 
tion at 
indi- 
cated 
age 

Actual 
minus 
curved 
-{- stand- 
ard 
devia- 
tion 

Actual 

Curved 

(for 

the 

average 

site 

index) 

Actual 

minus 

curved 

70-74 

Feet 

f 70 

1 74 

Years 

31 

56 

M cu. ft. 
1.18 
3. 37 

M cu. ft. 
3.95 
5. 92 

M cu. ft. 
-2.i7 
-2.55 

Mcu. ft. 
1.02 
1.46 

Standard 
units 
-2. 71 
-1. 75 

Sum 

144 






-4.46 







Average 

72 






-2.23 








To summarize, three relationships have been established: (1) 
The expresaon of volume for the average of the site indexes, in 
terms of age (fig. 3, A) represented by 

V=MA) 
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in which V is volume, is its expression in terms of age (4) for the 
average of site indexes; (2) the standard deviation of volume in 
terms of age (fig. 3, B), or 

<^e=/2(-4) 

in which ay is the standard deviation of volume, and f 2 is its ex- 
pression in terms of age (^) ; and (3) from figure 4, A — 



in which v is the deviation of the volume for a riven site index from 
fi {A), ay has the same meaning as above, and/s is the expression 
of the ratio in terms of site index (JS). The volume for any age and 
site index may therefore be expressed as follows: 

V=MA) + {MA).U8)} 

In figmes 5 and 4, B, are presented the set of curves needed to 
express number of trees per acre in terms of age and site index. 
It is preferable, in the case of this variable, to plot both the average 
number of trees and the standard deviation on logarithmic scale, 
as the same relative accuracy is thus assured at all ages. 

As stated above, the methods now in use for arriving at the yields 
of the partial stands have proven workable and satisfactor^y. These 
methods are based upon the relation of one of the following values 
of the partial stand to the average diameter breast high of the entire 
stand: (1) The ratio of the partial stand yield to the entire stand 
yield, such as the ratio of the basal area of the trees 6.6 inches 
d. b. h. and larger to the basal area of the entire stand, or the ratio of 
board-foot volume in the trees 12.6 inches d. b. h. and larger to the 
cubic-foot volume of the entire stand; (2) the difference between the 
partial stand yield and the corresponding yield of the entire stand, 
such as the difference between the average diameter breast high of 
the trees more than 12.5 inches and the average diameter breast 
high of the entire stand. 

The yields for the partial stand are calculated by applying the 
proper ratio or difference to the particular yield of the entire stand 
which had served at the base of the ratio or difference, by reference 
to the average diameter breast high of the entire stand. 

While this method is subject to a theoretical imperfection in that 
the ratios or differences as related to the average diameter breast 
high of the entire stand have not been proven to be completely 
independent of age and site quality, it has two important practi^l 
advantages: (1) Proper weights may be readily assigned to ratios 
which are correlated with only a single variable; (2) the correlation 
of ratios, or differences, with average diameter breast high serves to 
prevent absurdities which may follow the fitting of yield curves 
mdependent of one another to age and site quality.® 


• It is obvious, for instanoe, that the average dtoetM br«at high 
be less than the average di am eter breast high of the entire stand; that the ratio of the basal area oi a partial 
stand to the basal area of the entire stand cannot exceed 1. 
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Figure S.-^Steps in the correlation of number of trees with age and site index: A, Belation of number of 
t^ per acre to age for the average of the site Indexes; B, relation of the standard deviation of the num- 
ber of trees to age; C, relation of the coefficient of variation to age. 
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STAND TABLES DEFINED BY THE PEARL-REED POPULATION 

GROWTH CURVE irvrui^iiuxN 

The value of an objective method of stand-table construction is 
apparmt. It should be flexible enough to maintain the inherent 
variation of timber stands, but it should not necessitate laborious 
computations in application. The search for such a method led to 
the Pearl-Reed population growth curve (6). This curve is of the 
form 


where y is the population in a restricted geographical area, c is the 
lower asymptote or the population at the beginning of a cultural 
epoch, («-f-c) is the upper limiting asymptote of population, m is an 



VALUES OF X 

Figuek 6 — An illustration of the Pearl-Reed population growth curve. 

arbitrary constant, e is the base of the Naperian logari^ms, x is the 

date, aadf(x) is of the form 6ia:-i-62a^H \-b„x''. Figure 6 is an 

example of this type of curve. 

A special case occurs when e—o and t=100. If, under these con- 
ditions, y is defined as the number of trees in an even-aged timber 
stand whose diameters are less than a given limit x, expressed in 
percentage of the total number of trees in the stand; then the curve 
of equation (1) closely resembles the cumulative frequency curve 
of a typical forest-stand diameter distribution (fig. 7). 

In an analysis of a curve of this type it is convenient to use the 
calculus method. A reader not interested in the theory^ may pass 
over the subsequent discussion as far as equation (2) without loss 
of continuity. 
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Hi© ciirves of figure 7 approach the ordinal y=0 and y=100 
very slowly; hence these ordinates may be considered asymptotes to 
the curves. This suggests the condition — 


^=(100-3/)y fix) 


for which ^ vanishes at y=0 and at y=100. To facilitate the 
integration, the right-hand member may be divided by —100. This 
operation does not change the values of y when ^—0- Accordingly, 


dx 


(100-y)y 
— 100 


Separating variables, we have — 

-.10 0# =/(a:)dr 

(lOO-y)y 

Adding and subtracting > this is reduced to- 

—dy dy 


Integrating- 


or 


lOO-y 

Iog(^^!=/(*)+a, 


If we define 
then 


f (») = frix-f- H h 


log{i^5^)=,a-fft,a:+62X*-| (2) 

The curve is most easily fitted to data in the form of equation (2). 
Its exponential form is — 


or 


100-y 

y 




i/= 


100 


(3) 


and this is identical with the Pearl-Reed curve when c==0, iSr=100, 
and m=e®. 

In order to determine the number of terms in x necessary to fit 
equation (2) satisfactorily to even-aged stands as encountered^ 
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coordinates were read from a Pearson type III curve, the and ft 
coefficients of which were 1,73 and 4.96 respectively; and the following 
equations fitted successively: 

, flOO-wl , . 
log| — :^j=a+bx 

log[^^^j=o+6,a:+6*x* 

log ^^^^|=o+fta:+62X*+63r’ 


The first two proved inadequate but the third followed the data 
closely. This is deemed sufficient reason to apply the last form to 
the red gum distributions. 



DIAMETER (INCHES) 

Figure 7 -‘(Comparison of actual with calculated cumulative frequencies in stands of small {A)t medium 

{B), and large (C) timber. 

APPLICATION TO INDIVIDUAL STANDS 

The plots were therefore sorted according to average diameter (by 
basal area) into groups with K-inch class intervf^. A combined 
stand tallj for each group was then computed, showing the frequency 
of trees m each 1-mch diameter class from which the arithmetic 
average of the diameters was cfdculated. The frequencies of succes- 
sive diameters, starting with the lowest, were then accumulated, and 
the cumulative values expressed as percentages of the total frequency. 
Table 3 shows the form of this summary, a line for each group. 


Table 3. — Form of summarizing field data on forest stands 



Arith* 

metic 


Cumulative frequency percentages (y) i 
(upper), inches (a 

for diameter class limits 

') 

diameter class by 
basal area 
(inches) 

age 

diam> 

eter 

breast 

high 

Plots 

1.5 

2.5 

3.5 

4.5 

5.5 

6.5 

1 

7.5 

8.5 

2.S-?.9._ 

8.0-3,4. 

Jnchea 

2.89 

2.93 

Number 

6 

8 

Percent 

20.6 

10.8 

Percent 

57.4 

46.0 

Percent 

86.8 

72.0 

Percent 

97.0 

87.1 

Percent 

99.0 

95.0 

Psfcint 

^6 

9m 

Percent 

100 

99.5 

Percent 

io5 


84113—36 6 
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Defining y as the cumulative frequency to the upper limit of any 
diameter dass, and x as the corre^nding upper limt itself, a curve 
of the form of equation (2) in which — 

logj — ^ y :=xa+bix+b^+bt;x? 

was fitted to the data of each group by the method of least squares, 
the constants a, bu ^2, and 63 being derived from the solution. In 
this work the y values were given unit weight and the x values were 
assumed to be without error. 

The actual data of each group and the derived curve were then 
plotted on the same graph. Three of these comparisons are shown 
m figure 7. After completing this work for each of the 27 groups, 
the constants a, bi, 62, and 63 were plotted over the arithmetic average 
diameter breast high of the group as in figure 8. 

ADJUSTMENT OF THE CONSTANTS 

The distribution constants plotted in figure 8 should be adjusted in 
such a way that they progress smoothly with increase in average 
diameter breast high and also that they be consistent with one 
another. To effect the required harmonization a method of successive 
approximation was adopted which permits of the adjustment of two 
of the constants at a time, tlirough the following relationships: 


a + biMa + 62M/+ ftsA// = 0 


(4) 


in which n is the number of diameter classes in an actual distribution 
and is the median diameter breast high of the computed curve. 
The first equation is simply one of summation over all diameters of 
an actual distribution. The second equation, based upon the defini- 
tion of the median, is simply that y=50 when a;=median diameter 
breast high; that is — 


at median diameter breast high. Accordingly, the median diameter 
was calculated from each curve. The relation of the median diameter 
to the aritlunetic average diameter itself is shown in figure 9. By 
means of this relation the median diameter breast high for the second 
of equations (4) is determined. 

Since the data of figure 8 define trends of the constants 62 and 63 
that are obviously more definite than those of a and 61, freehand 
curves representing second estimates of the former two constants were 
drawn as shown. The curve values of each group were then sub- 
stituted for 62 and 63 in equations (4), and the corresponding medians 
taken from figure 9, as stated above. T^e simultaneous solution of 
equations (4) for each ^oup thus affords second estimates of the con- 
stants^ a and bi which have well-defined trends and considerably less 
variation than the first estimates; these were used in drawing the 
trend ciilrves shown in th^ upper half of figure 8. 
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ARITHMETIC AVERAGE D.B.H. OF GROUP (iNCHES) 

Fiqxtbs 10.— Final adjustment of cumulative frequency constants bs and ba, at A and B respectively. 
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As a check, the new curve estimates of a and bi were substituted 
in equations (4), and new values of 62 and bt calculated. In figure 10 
these are compared graphically with the previous estimates. Slight 
changes were made as indicated. 

In order to retain three figures for the numerical values of 62 and 63, 
the curves of figure 10 were redrawn on semilogarithmic paper, with 
breaks, of course, as bz becomes negative and (3 approaches zero. 
These final adjusted constants permit the calculation of such cumu- 
lative stand tables as may be desired, by substituting them in equation 
(2) or (3). One for each inch of average diameter breast high by 
basal area is presented in figure 1 1 . Since the constants are expressed 
in terms of the arithmetic average diameter of the 27 original groups 
(figs. 8 and 10), a subsidiary curve of the latter on average diameter 
by basal area was first constructed, and from this, the arithmetic 
average diameter corresponding to each whole inch of average diam- 
eter by basal area was read, and the associated constants taken from 
figures 9 and 10 as redrawn on logarithmic scale. 



Figure 11. —Cumulative frequency percentages in number of trees by diameter-breast-high classes for 

red gum. 


SUMMARY 

A method of constructing normal-yield tables is described which 
does not presuppose, as the Bruce-Keineke method does, that the 
coefficient of vanation of yield of the entire stand is the same at all 
ages. It is shown, using normal stands of red gum as examples, that 
the coefficient of variation for height of dominant stand, for volume, 
and for number of trees is dependent upon age of stand. 

The basis of the method is that the relation of the standard devia- 
tion, or the coefficient of variation of yield, to stand age determines 
the form of the growth curve of any site index from the growth curve 
of the average site index. ^ i j 

Stand tables are constructed by application of the Pearl-Reed 
population growth curve to cumulative frequency distributions of 
red gum by diameter-breast-high classes. 

A method of harmonizing the curves through adjustment of the 
descriptive constants two at a time, by successive approximation, is 
described. The work is less laborious than the use of the Gram- 
Charlier series and is more objective than the strictly graphic methods 
of constructing stand tables. 
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PHYSIOLOGICAL FACTORS INFLUENCING THE RATE 
OF EGG FORMATION IN THE DOMESTIC HEN > 


By D. C. Wabbbn, poultry geneticist, and H. M. Scott, poultry physiologist, Kansas 
Agrieidtural Experiment Station 

INTRODUCTION 

It is a well*established fact that a bird’s annual egg record is 
conditioned by a number of more or less independent factors. Some 
of these factors are age at sexual maturity, pauses in production due 
to broodiness or other inherent tendencies, persistency, and intensity 
(rate of production). 

One of the most important members of the ^up of factors is rate 
of production. Hays * has presented some evSence tW this trait is 
inherited. The usual measures of intensHy or rate of production 
have been percentage of egg production for a given period or the 
mean clutch size. Hays and Sanborn * have shown that either may 
be used as a measure of intensity. Considerable attention has been 
given to the hweditary but very little to the physiological aspects of 
intensity. It is the purpose of this paper to consider the physiological 
basis of intensity of egg production. A more adequate knowledge of 
these features should aid greatly in the genetic approach to the 
somewhat complicated problem of heredity of rate of egg production. 


EXPERIMENTAL FINDINGS 


RELATION OF PRODUCTION RATE TO INTERVAL AND CLUTCH 


This study is concerned primarily with those features which in- 
fluence the rate of egg fonnatiqn. It is a well-recognized fact that 
individual hens have a characteristic time interval between ^gs which 
is maintained witli fair uniformity. The daily egg record is charac- 
terized by a succession of groups of consecutive eggs of more or less 
uniform number separated by a day’s pause. The series of eggs on 
successive days has usually been referred to as a clutch. The rate of 
production is dependent largely upon the size of the clutch or in other 
words, the frequency with which the days of nonproduction occur. 

Accurate timing of egg laying of individual birds reveals the fact 
that the length of the interval between successive eggs is an important 
factor in determining clutch shse. The first egg of a clutch is usually 
laid in the morning and since the interval is ordinarily more than 24 
hours the successive eggs are produced somewhat later each day. 
Thus a bird with a 26-hour interval may lay at 8 a. m., 10 a. m., 
12 noon, 2 p. m., 4 p. m., and then miss a day’s production. Then 
the clutch will be repeated after a day’s rest. Birds ydth longer 
intervals will have smaller clutches. This relationship between 
interval length and clutch size has been well established by Atwood. * 


< Received for pabUoatlon June 1, 1#3S. Issued December 1935. Contribution no. 88 from the Department 
of Poultry Husbandry, Kansas Agricultural Experiment Station. 
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It is known that there is some relationship between eg^ production 
and daylight and darkness since hens do not lay at night and the 
onset of darkness in some cases appears to be the factor responsible 
for the termination of the clutm. Previous investigators have 
believed that the e^ which, due to the characteristic interval length, 
would have been lard in the latter part of the afternoon or at night 
had been formed normally but, because of the onset of darkness, was 
not laid at the end of the usual interval. The usual interpretation 
was that the egg was fully formed at the end of the normal interval 
but withheld by the hen until the next morning, thus becoming the 
first egg of the new clutch. Thus if a bird laid at 4 o’clock yesterday 
and had an interval length of 28 hours she would be due to iay at 8 
o’clock tonight. It was thought that today’s egg would be fully 
formed at 8 o’clock but because of darkness would be held imtil the 
next morning. If this were the correct interpretation, the egg 
followiixg a day’s pause (the first egg of the clutch) would be in the 
oviduct much longer than other eggs. Such eggs have been referred 
to in the literature as held eggs. 

It is now known that there is no withholding of the first egg of the 
clutch and that the formation time is the same regardless of clutch 
position. The missing of a day between clutches is due to a delay in 
ovulation instead of the withholding in the uterus of the fully formed 
egg. This fact was established by bihourly examinations of a n^ber 
01 hens during several days. The position and stage of formation of 
each egg was determined by handhng the hens individually. Figure 
1 brings out the fact that the eggs following a pause require no more 
time for formation than do those laid consecutively. The record 
shown in figure 1 was obtained under normal lighting conditions. 

TIMING EGG FORMATION 

In addition to studies from autopsies, time records were secured * 
on five anesthetized hens wherein it was possible to follow the 
formation of the egg from time of ovulation to its entry into the 
uterus. From these studies no differences in rate of passage through 
the oviduct could be detected in hens differing in interval lengw. 
Although the number of birds was small this was interpreted to 
indicate that differences in interval length probably may be accounted 
for largely by the time spent by the egg m the uterine region of the 
oviduct. 

To secure ad^tional data on the time spent by the egg m different 
parts of the oviduct of hens varying in interval length, observations 
were made on two groups of hens. The hens were White Leghorns, 
Rhode Island Reds, and a few first-generation hybrids. They were 
kept in individual hen batteries to expedite frequent examination. 
Two series of 40 hens each were observed for periods of 2 weeks each. 
The hens were examined at 2-hour intervals from 7 a. m. until 9 
p. m. and egg-laying records were taken hourly throughout the day. 
At each 2-hour mterval the position of the egg was determined by 
probing the cloacal opening. Data were taken on both the position 

D. 0., and Scott, H. M. ovulation in the domestic ben. Science (n. s.) 80: 46M62 
— ^ — and Scott, H. M. the time factor in ego formation. Poultry Scl. 14: 196-207. 1935. 
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TIME OF EXAMINATION 

Fioobb 1.— Record sheet of bird no. 84 tor a 8-week experimenW pMlod In which e^ere wm t ra^ 
during formation. The hen was examined at the hours indicated and the stage of egg formation recorded. 
The letters and symbols record the following stages: M, Membranous egg; MP. 
plumped, SS, soft shell; H, hard sheU; 3C egg laid since last examination; ^ egg laid since last examination 
and no evidence of the succeeding egg; 0,no evidence of egg in oviduct. Thus on January 18, no evidence 
of an egg was found at 7 o'clock but a membraneous one was found at 9. 

o'clock, was soft shelled at 6, and hard shelled at L It was hard shelled the next and was 

laid between the 8- and 9-o'clook examination. The succeeding egg was not found in the oviduct at 
the 0<K)'clock examination on January 14. 
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of the 6^ and the stage of formation. The presence of the egg could 
be detected first at about the time it entered the isthmus. At this 
early stage the egg could be located only by probing into the large 
intestme and ex^oring the region near the dorsal abdominal wall. 
Experience gained in following a few eggs made it possible to make 
relatively accurate determinations of position. Becords were taken 
as to the plumpness and degree of shell formation of the egg. 

The positions and stages of development utilized in fouowing the 
egg in the process of formation were: Time of laying of previous 
egg, first detection of the egg (approximate time of entering the isth- 
mus), plumping of egg after about 2 hours in the uterus, and the 
beginning of shell deposition. By these observations a comparison 
could be made of the rate of passage through the oviducts of hens 
differing widely in length of interval. 

A sample record sheet for one hen subjected to normal lighting 
during the 2-week examination period is given in figure 1. From 
record sheets such as this, summaries were made (table 1) of the 
data secured for 2 weeks on the 80 birds under observation. In 
a preliminary experiment the hens were handled hourly throughout 
the day, but it was found that such frequent disturbance caused most 
of the birds to stop laying. The interval between handling was 
increased to 2 hours and most of the hens remained in production 
undei these conditions. It was believed that the birds ceased to lay 
because of the frequent disturbance rather than because of any 
injury resulting from the exploration of the abdominal cavity. 

In the presentation of the data in table 1 an attempt has been made 
to account for differences in interval length in terms of time spent 
in different parts of the oviduct. 

Table 1. — Mean time spent in different parts of the oviduct by eggs requiring 
various periods for formation 


Time recjuired for Interval lengths » of— 


xiein 

25 

26 

27 

28 

29 

30 

Time from laying of previous egg to entrance of 

//ours 

Hours 

Hours 

Hours 

Hours 

Hours 

isthmus by next egg 

4.3 

4.6 

4.2 

4.7 

5,2 

5.3 

Time spent In uterus 

18.0 

18.4 

10. 0 

19.8 

20.8 

21.6 

Time from first indication of shell until egg is laid 

13.8 

14.7 

15.6 

16.4 

17.0 

17.9 


Number 

Number 

Number 

Number 

Number 

Number 

Eggs laid - 

0 

25 

20 

42 

44 

21 


I Mach of the 5'hour difference in interval length observed here is accounted for in a lengthening of 
the absolute time spent in the uterus. 


FORMATION STAGES AND PERIODS STUDIED 

The timed observations nmde it possible to establish four rather 
definite stages in egg formation. By using these stages as boundaries 
it was possible to divide the process of mrmation into two periods. 
The stages which the records revealed were: (1) Time of laying of 
previous egg; (2) first detection of the forming egg about the time it 
entered the isthmus; (3) the plumping of tne egg which occurred 
about 2 hours after entering the uterus; and (4) the laying of the egg 
being traced. 

The first period included the time between laying and ovulation 
and also included roughly the time spent in the magnum (albumen- 
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secreting section). If the egg is the first one of a new clutch this 
period also includes the extended interval responsible for the inter- 
ruption in production and the establishment of clutches. Therefore, 
with the first egg of the clutch, the period intervening between the 
previous laying and the detection of the succeeding egg has been used 
as a measure of the delay in ovulation, since the time spent by the 
egg in the magnum before discoveir constitutes only a small part of 
the whole. When no delay in ovulation occurred, the time between 
expulsion of the previous egg and ovulation of the next one was so 
small that the period was considered primarily as a measure of the 
time spent in the magnum. 

The second period was the one between the egg's attainment of a 
plump stage and its expulsion. This constituted roughly the time 
spent in the uterus or the period in which shell deposition occurred. 
It is realized that some of the limits of these periods have been some- 
what inaccurately established by the methods of observation utilized 
but they do offer an avenue of approach to the problem of physiologi- 
cal factors influencing rate of production which would otherwise not 
be available. Since a large enough number of eggs have been traced 
to make it possible to express comparisons as means the errors of 
observation probably have been largely compensated. 

INTERVAL AND TIME SPENT IN DIFFERENT REGIONS OF OVIDUCT 

In table 1 the data have been segregated on the basis of the interval 
required for egg formation. The term ^^interval" is used in this 
paper to apply to the time ensuing between the laying of successive 
eggs of the clutch. Thus the interval is a fairly accurate measure 
of the time required for egg formation. Observations on first eggs 
of the clutch have been excluded from these data because no accurate 
knowledge of the time spent in the oviduct could be secured. Due to 
the delay in ovulation occurring in the case of these eggs the time of 
the previous laying is of no value in calculating the time required for 
egg formation. For those eggs following the first of the clutch there 
intervenes only a few minutes between laying of the one egg and the 
ovulation of the next. Therefore, in eggs other than the first one of 
the clutch the time spent in the oviduct and the interval length are 
practically identical. The data have been so interpreted in calculat- 
ing the time spent in the various regions of the oviduct in eggs varying 
in interval length. 

The range of period required for egg formation (interval length) in 
the 161 eggs traced, was from 25 to 30 hours. Many of the eggs pro- 
duced were not included in this total. All eggs following a pause, 
and any others where data were incomplete were excluded. Some 
birds stopped laying during the experiment while others produced 
many one-egg clutches which were of no value. By calculating the 
mean time spent in the various parts of the oviduct by the eggs 
showing variation in interval length, one should be able to determme 
in what part of the oviduct the extra time is spent by the eggs with 
long intervals. This should indicate how high- and low-mtensitjr 
birds differ in egg formation. Intensity of egg production is condi- 
tioned by two factors, the interval length and the length of the pause 
between clutches. In the following discussion those factors respon- 
sible for variations in interval length are considered first. 
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MGIONAL DISTRIBUTION OP VARIATIONS IN INTERVAL LENGTH 

It is seen that the extreme range of variations (table 1) in time from 
lajfing of previous egg to the entrance of the next e^g into the isthmus 
will account for only a small part of the absolute difference in interval 
length encountered. The variation in time recorded between laying 
and the reaching of the isthmus by the next egg was only 1 hour (4.3 
to 5.3 hours) while the variation in interval length was 5 hours (25 to 
30 hours). There remains the question whether the variation in 

time required to reach the isthmus has 
1 1 any significance in relation to interval 
(o length. In the previous work by the 

g authors ® the time required for passage 

5 I g of the egg through the magnum m 
? Zi anesthetized birds was very uniform. 

0 || In the earlier studies there was found 

1 to be much more variabilitv in the time 

£ |l between laying and ovulation. The 
X means given in the first line in table 1 

0 || include the time between laying of the 
.g| one egg and the ovulation of the next 

^3 3.S as wefl as the time required to traverse 
$5 -9 the length of the magnum. There was 
So || no consistent agreement between the 
i| increases in length of the interval and 
3 < §1 the length of the period between the 
uu. I? previous laying and the entry of the 

2 2 1 2 next egg into the isthmus. There was, 
5^ however, a difference of 1 hour in time 
1*2 required for the egg to reach the isth- 

II mus in birds with the longest and 

o? g|| shortest intervals. If this 1-nour dif- 
zg ® Is ference is accepted as being significant, 
pt g|S would seem that the lengthening of 
DO 1^5 the interval is uniformly distributed 
S throughout the oviduct. Twenty per- 

S ^|.| cent of the total variability of the in- 
^ IBS terv^ is accounted for in the period 
H required for ovulation and traversing 

1 the magnum by the egg and approxi- 
g I I mately that same percentage of the 
S 'g>S^ whole period of egg formation has 
% ^1® elapsed when the egg reaches this 

point (posterior end 01 magnum). So, 

I I I although the amount of the variation 
1"=^^ in length of interval accounted for in 

the magnum is small, it is as large as 
might be expected for a section of the oviduct in which the egg spends 
so Ettle time. This relationship is indicated more clearly in figure 2. 
It may be questioned whether the 1-hour variation in time spent in 
magnum has any significance when the observations were made at 
2-hour interv^. 

In an earlier study absolute or relative variations in time spent 
in the mag num, or time required for ovulation, could not be corre- 

• Wa&esm, D. O., and Scott, H. M. See footnote 5, tot reference. 
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lated with differences in mean interval length. If the variation 
found here is considered as significant it must be accounted for either 
as a delay in ovulation or a retardation of the rate of passage through 
the magnum in birds with longer intervals. Since so little variation 
was found in the rate of parage through the magnum and since 
there was considerable variability in time required for ovulation, the 
writers are inclined to designate the latter as the probable source of 
the lengthening of the interval in this region. The TnaTiTnnm varia- 
tion in time between laying of the previous egg and the next ovulation 
in anesthetized birds was a little over 1 hour. 

The data on time spent in the uterus by eggs having varying interval 
lengths are given in the second line of table 1. This period was 
measured by the_ time intervening between the egg reaching a 
plump stage and its being laid. Tnie egg probably requires about 
2 hours to become plump after entering the uterus, so this measure- 
ment is fairly accurate for estimating the period spent by the forming 
egg in the uterus. When the egg first enters the uterus the mem- 
branes are rather loose fitting and fiiiids then pass through them 
causing the egg to take on the plump state before any calcium depo- 
sition can be detected. The data in the third line of table 1 are the 
intervals between the time when the presence of shell material could 
first be detected and the laying of the egg. The shell formation 
can probably be detected in about 5 hours after the egg enters the 
uterus. The time of detection of either of these stages (plump or 
shell) may be used as a point from which to calculate the relative 
time spent in the uterus by eggs of different interval lengths. 

It is shown that the period spent in the uterus, as measured by 
the time elapsing between the plump membranous stage (or the 
early shell formation stage) and laymg, varies directly with the 
interval length. With each increase of an hour in interval length 
there is a corresponding, though not always equal, increase in hours 
spent in the uterus. For the 5 hours’ difference in interval length, 
3.6 hours are accounted for in the extremes from the plump stage to 
laying and 4.1 hours in the extremes between the first indication of 
shell formation and laying. In the former case 1.4 hours and in the 
latter 0.9 hoiu- of the variation in interval are unaccounted for in the 
variations of time spent in the uterus. Since extremes of inte^al 
length are included perhaps one should not expect the means of time 
spent in the uterus to account for these extremes even though the 
uterus is the section of the oviduct where the variations in interval 
length occur. It can at least be stated that most of the variability 
in me absolute length of the interval may be account^ for by differ- 
ences in time that the egg remains in the uterine region. It should 
be kept in mind that only those differences in interval are here con- 
sidered which are found in birds having clutches of two or more 
eggs in size. Birds with 1 egg clutches were not included because 
of the impossibility of accurately calculating interval lei^th. Also 
the long interval occurring between clutches is excluded. 

It should be emphasized that normally approximately 82 percent 
of the interval is accounted for by the time the e^ remains m the 
uterus. So if the difference in time of egg formation between long- 
and short-interval birds is uniformly distributed over the entire proc- 
ess of egg formation much of the difference would be accounted for 
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in the uterine stage. In acoounting for the differences in interval 
length the time spent in the isthmus has not been discussed. The 
fommtion time in this region is so short and methods of locati^ the 
egg in this section of the oviduct so crude that it was not considered 
feasible to make comparisons in this region. It is also true that the 
differences encountered in interval length had all been accoimted for 
in the magnum and uterus. 

OVULATION DELAY AND CLUTCH 

The foregoing study has accounted for much of the difference in 
interval length which is an import^t factor in rate of egg production. 
There remains a second factor which contributes to intensity or rate 
of lasting. This is the length of the period between clutches. The 
occurrence of a break between clutches is due to a delay of a few 
hours in ovulation. For successive eggs in a clutch ovulation occurs 
practically immediately following the expulsion of the preceding egg. 
The length of the period interrapting the regular sequence of ovula- 
tion was measured by the period intervening between the detection 
of the presence in the oviduct of the first egg of the clutch and the 
laying of the last egg of the previous clutch. This period includes 
the time spent in the mi^um by the first egg of the clutch as well as 
the period of delay in ovulation. These two factors cannot be segre- 
gated one from the other but it has already been shown that the former 
varies but little. Therefore, this interval may be used as a measure- 
ment of the variability in delay of ovulation. Since the length of the 
clutch is conditioned largely by the interval length, clutch size may 
be used for grouping the birds as to their interval length. They were 
placed in six arbitrary grades of increasing clutch size and the respec- 
tive periods of delay of ovulation were 22.9, 22.0, 19.9, 19.0, 17.2, and 
16.5 hours. It is evident that the birds with small clutches, long inter- 
vals, and low intensity, also have the longer delays in ovulation. 
Thus, the poor production of low-intensity birds is due not only to 
the loiiger period of egg formation but also to a longer delay in ovula- 
tion between clutches where such delays occur. From autopsies it 
was frequently noted that very low-rate birds showed evidence of ova 
having been released in the abdominal cavity. In such birds the rate 
of laying is probably not an accurate measure of rate of ovulation. 

SUMMARY 

It was shown that much of the difference in the absolute length of 
interval between eggs, which is the major factor in controlling rate of 
laying, is due to vanations in time that the egg remains in the uterus. 
The time spent in the magnum (albumen-secreting section) plus the 
time between the previous laying and ovulation were only slightly 
variable and could account for only a small part of the absolute 
variation found in interval length. These conclusions were arrived 
at from data secured by tracing the forming egg while in the oviduct 
of living birds. ^ 

In low-intenrity birds there was also a lengthening of the delay in 
ovulation which occurs in the case of the first egg of a clutch. Thus, 
low intensity of production is due to both a longer period for passage 
of the egg throu^ the oviduct and to a longer pause between clutches. 
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A CYTOLOGICAL STUDY OF THE RESISTANCE OP APPLE 
V|^jjETffiS^ TO GYMNOSPORANGIUM JUNIPERI-VIR- 

By Chablbs J. Nusbaum * 

Research assistant in plant pathology^ Wisconsin Agricultural Experiment Station 

INTRODUCTION 


A cy tological study of the succession of pathologic events following 
the infection of susceptible and resistant host plants by the rust fun^ 
affords a means of comparing the parasitic behavior of these organ- 
isms and contributing to the understanding of the mechanism of the 
resistance against their attack. 

Since Biffen ( 11 ) ^ showed that the resistance of wheat to leaf rust, 
caused by Puccinia triticinaf was a heritable character independent of 
the genetical factors responsible for anatomical features and Ward 
(S4j SSf 36) stressed the concept of physiological resistance, many 
cytological studies have been made upon the rust diseases. The value 
of this avenue of approach is illustrated by the work upon the cereal 
rusts by Ward ( 34 ), Stakman (S3), Allen (1, 2, 3, 4 , 5, 6), Ruttle and 
Fraser (32), and others, who have presented a critical analysis of 
problems pertaining to the nature of rust resistance. The earlier 
work is reviewed by Allen (1), Rice (31), and Zimmermann (39) and 
need not be discussed here. 

In accord with the beliavior of rust fungi in general, the apple rust 
fungus, Gymnosporangium juniperi-virginian(ie Schw., shows a wide 
range in pathogenicity upon the foliage of the different varieties of 
its aecial host, the apple, Pyrus mains L. The degree of severity of 
the disease does not afford a rigid classification because many grad- 
ations exist between extreme susceptibility and apparent imm^ty. 
On susceptible varieties, the development of the fungus culminates 
in the production of the aecial stage. On the other hand, there are 
varieties upon which no macroscopic signs of infection appear. Be- 
tween these two extremes lie those resistant varieties upon which the 
fungus becomes established but does not develop very far beyond the 
incipient stages. In come cases, various types of necking ^e pro- 
duced, while in others the lesions may be well defined, and minute or 
aberrant pycnia may appear. 

Previous studies of the nature of rust resistance m apple varieties 
have been confined to secondary considwations supplementary to 
the broader epidemiological and pathological aspects of the disease. 
From field observations of the occurrence and severity of mfection 
upon different varieties, Reed and Crabill (SO) believed resistance to 
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be of two types: (1) The prevention of infection, due to the mechani- 
cal, physical, or chemical nature of the epidermis, and (2) the in- 
compatibility of the host and parasite after infection had occurred, 
resulting in the production of an aberrant lesion. They described 
briefly me pathological histology of apple rust infections in a suscep- 
tible host and made microscopic examinations of infections in the leaves 
of Arkansas, a resistant variety upon which abnormal lesions occurred. 
However, the sequence of events in the development of these infec- 
tions and the cytological details involved were not reported. 

Leaves of susceptible varieties become resistant with age. Giddings 
and Berg (20) and Reed and Crabill (SO) attached much significance 
to tliis phenomenon as a factor in the regulation of the severity of the 
disease. They discussed the nature of resistance in mature leaves 
but did not give factual evidence to explain it. Miller (27) observed 
the occurrence of normal infections upon mature leaves of susceptible 
varieties that had been wounded mechanically prior to inoculation. 
This led to the interpretation that the resistance shown by mature 
leaves had a morphological basis. 

The sporidial germ tubes of G, junij)en~virginiana>e commonly infect 
apple leaves through the ventral epidermis. Reports of dorsal-surface 
infections are at variance. Coons (14) implied that infection of the 
lower epidermis occurred but stated, however, that upper-surface 
inoculations were more successful. The experiments of Giddings and 
Berg (20) showed that no infection followed inoculation of the lower 
epidermis. On the other hand, Weimer (S8) reported that infection 
could take place upon either surface. Dorsal surface infection, how- 
ever, had no effect upon the normal orientation of the pycnia and aecia. 
In the literature dealing with apple rust, further information with a 
bearing upon the nature of resistance has not been found. 

From the above accounts, it is apparent that little is known con- 
cerning the parasitic behavior of the apple rust fungus or the nature 
of apple rust resistance. In view of these problems, a detailed cyto- 
logical study of rust infections upon four apple varieties, each differing 
in its reaction to the fungus, was undertaken. The results of these 
studies are presented in this paper. 

MATERIALS AND METHODS 

Four varieties of apples were used in these studies as follows: 
Wealthy, susceptible; Yellow Transparent, moderately resistant; 
Fameuse, resistant; and Baldwin, very resistant. Two-year-old nurs- 
ery trees were placed in gaJvanized-iron containers in about 10 kg of 
soil adjusted and held at 70 percent of the maximum water-holding 
capacity. After being rooted in a cool basement, they were placed 
on the greenhouse bench. One shoot was allowed to develop on each 
tree. When the shoots were about 18 inches long and showed 14 
to 20 leaves, they were inoculated. 

Rust material for inoculation was collected near Madison, Wis. 
Branches of red cedar (Juniyerus virginiana L.) bearing abundant 
rust galls with extended telial sori were brought into the laboratory 
and the cut ends of these twigs were kept in water until the material 
was used. 

Several methods of inoculation were tried, with, varying results. 
The following method proved most useful and was employed through- 
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out: The rust galls were moistened in a spray of water for 4 hours, 
after which the telial sori were well gelatinized, A few hours later, 
when siporidial discharge was taking place rapidly, the galls were 
suspended in a glass lamp chimney which was held above the leaves 
to be inoculated in such a way that the sporidia would fall upon the 
upper surfaces of the leaves. One lot of leaves of the Wealthy variety 
was inoculated on the lower surface. Each shoot was exposed for a 
15-minute period. The inoculated trees then were placed in a moist 
chamber, described by Keitt and Jones (21), at 14° C. for 36 hours, 
after which they were returned to the greenhouse bench. 

Question may arise regarding the purity of the rust culture used. 
Recently, Bliss (12) reported the existence of physiologic forms in G. 
juniperi-mrginiauae collected from widely separated localities. The 
writer believes, however, that only one physioloric form was used in 
these studies because the materi^ was collected from cedar trees in 
an isolated group and inoculation experiments upon many apple 
varieties with similar cultures during the past 3 years have shown 
uniform pathogenicity. 

After inoculation, collections were made at daily intervals for the 
first week and at longer intervals thereafter for the next 2 weeks. 
One earlier collection was made after a 14-hour period. At the time 
of inoculation, a bit of string was tied about the petiole of the young- 
est leaf in order to facilitate identification of the inoculated leaves 
after further ^owth had occurred. Material always was taken from 
the fourth or fifth leaf below the ‘^stringed leaf to insure uniformity. 
One lot of Wealthy leaves, which had attained approximately full 
size, and another ^oup about 3 weeks older were collected in an 
attempt to gain evidence pertaining to the relationship of maturity 
to resistance. Fixations were made in formal-chrom-acetic mixture, 
in Flemming’s medium and weak mixtures, and in the formal-acetic- 
alcohol fixative. Flemming’s weak fluid was the most useful for young 
material, whereas the formal-clirom-acetic mixture was best for the 
later stages. The butyl alcohol method of Zirkle (40) was used for 
dehydration and embedding in paraffin. Sections were cut 5fi and 
()M thick. A modification of Flemming’s triple stain, consisting of 
safranin, gentian-violet, and fast green, gave satisfactory results. 

A modification of the cleared-leaf method of Peace (29) was well 
adapted to a superficial study of sporidial germination and the early 
stages of penetration because it afforded a means of observing the 
germinating sporidia in toto upon relatively large areas of leaf sur- 
face. Bits of leaf were collected at 7, 14, and 24 hours after inocida- 
tion, fixed in acetic-alcohol mixture, cleared in chloral hydrate, and 
stained with acid fuchsin in lactophenol. 

MACROSCOPIC OBSERVATIONS ON LIVING LEAVES 

On the immature leaves of Wealthy, inoculated upon the ventral 
surface, pale yellow spots 1 mm in diameter appeared on the seventh 
day. The lesions increased in size to about 2 mm during the next 2 
days and became orange in color. Pycnia appeared on the thir- 
teenth day and pycnid exudation occurred on the fifteenth day. 
The heaviest infection appeared on the fourth, fifth, and sixth leaves 
below the strit^ed leaf. At the time of inoculation, these leaves were 
rapidly expanding and had not reached full size. No infection was 
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found below the tenth leaf, indicating that the older, matured leaves 
had become resistant. Wealthy leaves, inoculated upon the dorsal 
surface only, showed an occasional spot appearing on the twelfth to 
the fourteenth day. These lesions developed in the usual manner. 
The prolonged incubation period suggests that the parasite may have 
had some mfficulty in becoming established. 

On the leaves of Yellow Transparent infection appeared on the 
ninth day as indistinct pale yellow spots about one-quarter milli- 
meter in diameter. A few days later the infected leaves showed a 
pale yellow mottling with few well-defined lesions. On the eighteenth 
day an occasional pycnium could be seen in the regions where the 
lesions were more clearly outlined. These pycnia were minute and 
failed to rupture the epidermis or exude. 

On the leaves of Fameuse, the first signs of infection appeared on 
the twelfth day as tiny flecks which were barely visible. No further 
development was evident. 

On the leaves of Baldwin, no macroscopic signs of infection showed 
throughout the 3-week period the trees were under observation. 
These external appearances indicated complete resistance. 

EARLY STAGES OF INFECTION 

CLEARED-LEAF STUDY 

The phenomena of sporidial germination and of the early stages of 
penetration, as observed on cleared leaves, appeared to be similar on 
all varieties. Counts made on germination of sporidia, formation of 
appressoria and the appearance of infection hyphae showed insignifi- 
cant differences (taole 1). 

It is not probable that these data are vitiated to any appreciable 
extent by the removal of some of the sporidia by the reagents used in 
clewing and staining the leaves. Previous experience of the writer 
indicates that, when the sporidia become lodged upon the leaf surface, 
they cling tenaciously. 

After the 7-hour period, nearly all of the sporidia had germinated. 
The germ tubes in no case exceeded in length the diameter of the 
sporidium. There was no indication that the tips of the germ tubes 
were attached to the leaf surface. 
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After the 14-hour period, the process was distinctly further ad- 
vanced. Most of the germ tubes had formed appressoria, the term 
"appressorium” being used in a broad sense throughout to describe 
the swelli^ of the tip of the sporidial germ tube adherent to the leaf 
surface. The germ tubes were seldom longer than the diameter of 
the sporidium and. in many cases, they were so short that the appres-' 
soria appeared to be attached directly to the sporidia. The appres- 
soria were not well defined. They appeared only as swellings of the 
germ-tube tips. A few of these appressoria showed a minute porelike 



Figure l.~Camera-lucida sketches of sporidial germination and host penetration from cleai^ leaves 
examined In toto; Af ventral surface of young Wealthy leaf, pore of infection bypha (a), sporidl^ (o), 
germ tube (c), appressorlum (d), primary hypha in epidermal cell (c); B, ventral smf^ of old Wealthy 
leaf; C, dorsal surface of old Wealthy leaf; J), dorsal surface of young Wealthy leaf. Approximately 
X775. 

structure, about I/lc to 2/i in diameter, in the wall in contact witli 
the leaf. This phenomenon suggested the development of an infec- 
tion hypha. There was, however, no apparent change of the under- 
lying host tissues to indicate that the fungus had entered. 

After the 24-hour period, all of the germ tubes were firmly attached 
to the leaf surface and characteristic pores were clearly visible in all of 
the appressoria* In some cases the appearance of a large pritnary 
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This study was not carried further because a technic was not found 
which would satisfactorily stain the fungus within the leaf. 

PHENOMENON OP PENETRATION 

The fungus entered the immature leaves of all four varieties and in, 
all cases the proems was essentit^y the same. The germ tubes 
emerged from the sides of the sporidia and curved obtusely, sometimes 
almost at r^ht angles, down to the leaf surface, where iJie germ-tube 
tips swelled slightly into small appressoria which were firmly attached 
to the cuticle (fig. 2, E, 6). Waterhouse (57), working with Puednia 
graminis on the barberry, reported that germ tubes were not always 
formed. In case they were not, a short beaklike infection hypha was 
put out from one end of Uie sporidium itself and dented the cuticle. 
Allen (7), also working with P. graminis, observed that the sporidia 
directly produced a beak which pierced the cuticle and outer epidermal 
wall. After 14 hours, tlie lower wall of tlie appressorium of the apple 
rust fungus showed a ^ort protrusion partly penetrating the cuticle 
(fig. 2, A). At that time^ the sporidium was nearly evacuated and 
the germ tube was filled with dense protoplasm. Nuclei could not be 
seen. 

The earliest stage of penetration is shown in a 24-hour infection 
in figine 2, B. The minute pore is shown at c and from it the infec- 
tion hypha id) can be followed part way through the upper wall of 
the epidermal cell to the young primary hypha (e) in the cavity of 
the cell. The host nucleus remains lying in the bottom of the cell 
at f. In no case could the infection hypha be traced all the way 
through the cuticle and the cell wall, there being a short space about 
half-way through the barrier, where it could not be seen. This 
suggests that it was ultramicroscopic or was not sufiiciently stained 
in that portion to be visible. The facts that there was no apparent 
alteration of the cuticle or epidermal cell wall at the point of entry 
and that the cuticle was often indented indicate mechanical pressme 
as the principal factor involved in penetration. This is in agreement 
with Waterhouse (37). Weinier (33) described and figured one case 
where a sporidial germ tube of Q. juniperi-virginiarMe penetrated 


EXPLANATORY LEGENU FOR FIGURE 2 

A .—Early stage of penetration on Wealthy, 14 hours after inoculation. The beak (o) of the appressorium 
(6) b indenting the cuticle (c) but has not penetrated the epidermal cell wall (d). X 1,070. 

.ft.—Penetration on Wealthy, 24 hours after Inoculation. Empty sporidum (o), germ tube (6), penetra- 
tion pore (c), infection hypha (d), young primary hypha («), and nucleus of epidermal cell (/). X 1,070. 

C.— Early stEige of infection on Wealthy, 24 hours after inoculation. The primary hypha (c) contains 
one nucleus (d) and remains attached to the infection hypha (a) by a slender neck (6). X 1,070. 

i>. — One-day-old infection on Wealthy. Arrow indicates point of entry. Primary hypha (a) is slightly 
evacuated and contains one nucleus (6); secondary branch has penetrated palisade cell at c and contains 
one nucleus (d). X 1,070. , ^ ^ 

E. -One-day-old infection on Wealthy. Young secondary branch (o) has penetrated palisade cell and 
one of the nuclei (6) is ready to pass into it. X i,070. , , . v . « ...i «« 

if.— One-day-old infection on Wealthy. The primary hypha (a) is binucleate; epidermal cell nucleus 

*'55!!?One^5^1d i^eotfen on Wealthy. The primary hypha (6) sent a branch (d) lp^o ®n adjoining 
epidermal cell at c; another branch appears as a beak (o) and a nucleus is re^y to i)ms into it. X 1,070. 

//.-Two-day-old infection on Yellow Transparent. An arrow indicates the point of penetration. The 
nucleus (c) of th e primary hypha is dead; a secondary branch entered the palisade intercellularly at a; the 
epidermal cell nucleus (6) is ^generating. X 700. , ^ 

TwoHlayHild Inteotlon on Wenlthy. An arrow indicstes the point of The 

hypha (c) aent a branch (e) into an adjoininy epidermal cell and another branch (4) into a pahsade cell at d , 


mycelium becoming luter^lulw at a. X 7W. 
%/.— Two-day-old infeotio; 


iion on Pameuse. Primary hypha (6) has collapsed; host cell nucleus (c) is degen - 

erating; inteiSBlhdarbrwch (c) is developing feebly. X 700. 

iir.— Two-day-old infection on Baldwin. An arrow Indicates the point of penetration. Primary hypha 
(d) and intracellular secondary branch (e) are dead; host nuclei (o and c) are degenerating; host nucleus 
(5) is slightly enlarged. X?00. 
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the epidermis of a Wealthy apple leaf and passed about two-thirds 
of the distance through the epidermal cell 7 hours after inoculation. 
This must have been an unusual case. Examination of several 
hundred germinating sporidia by cleared leaf and cytological methods 
failed to show that any had penetrated the epidermis completely 
after 14 hours. 

Other 24-hour infections showed stages considerably advanced 
over the one described above. The instance in figure 2, C, shows that 
the primaij hypha (c) has enlarged into a tmgid, saccate body which 
remained joined to the infection hypha (a) by a slender neck (6). 
The hypha contains one nucleus (d) and is filled with dense cytoplasm. 
The nucleus is probably the one originally contained in the sporiditun 
and has not yet divided. Allen (5) reported that in Pucdnia coronata 
the sporidial nucleus divided before penetration and that the primary 
hypha, therefore, contained two nuclei. Two nuclei were also found in 
the primary hypha of P. gramminis (7) but whether or not division 
took place before entry was not investigated. 

In these preparations of the younger stages of infection and of the 
older ones as well, the fixations obtained did not afford a clear inter- 
pretation of the relationship between the membranes of the host cell 
and the fungus. It was impossible to determine whether the host- 
cell cytoplasm was invaginated by the primary hypha or haustoria 
or actually penetrated by them. The views of other workers on this 
point are reviewed by Rice (SI). 

Dming the process of penetration and the expansion of the primary 
hypha of the apple rust fungus, there was no apparent change in the 
staining reaction of the parasitized epidermal cell. Further develop- 
ment, however, depended upon the degree of resistance of the host. 
Consequently, the reactions in each variety are reported separately. 

DEVELOPMENT OF INFECTION ON THE FOUR VARIETIES 

WEALTHY 

The establishment of the fungus in the leaf tissues of Wealthy 
presented a picture of almost complete compatibility between the 
two orgai^ms. This condition existed until pycnial formation 
when distinct changes accompanied the fruiting activities of the 
parasite. 

The behavior of the young primary hyphae in the epidermal cells 
was simple and afforded trustworthy interpretation. Soon after 
the primary hypha attained full size, the nucleus divided (fig. 2, F)- 
These nuclei were similar in appearance to the parent nucleus. No 
septa appeared in the primary hypha and the structure remained 
simple woughout its existence. In Pwinnia graminis (7), P. eoro- 
naia (9), and P. triticina (8) a more complicated process, similar in 
all cases, was reported by Allen. Nuclear and cell division occurred 
imtil from 3 to 6 cells were produced. The primary hypha increased 
in length and branches of secondary hyphae arose from each cell. 
la. Melampsora lini (10), the primary hypha consisted of several 
uninudeate cells, irregularly branched. Palisade penetration occurred 
at many points. 

The number of secondary hyphal branches of the apple rust fungus 
seemed to be dependent upon the behavior of the first one formed. 
In figure 2, Q, a branch (d) has penetrated into an adjoining epidermal 
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cell at c, and contaiiu one of the daiighter nuclei of the first division. 
Another nuclear division has occurred in the primary hypha and one 
of the nuclei is ready to pass into a new branch which appears as a 
beak at a. 

The formation of only one secondary branch, penetrating the 
palisade tissues directly, was the most common occurrence. In 
figure 2, D, & branch (a) has entered the palisade cell beneath and a 
nucleus has entered, leaving one (b) in the primary hypha. The 
primanr hypha has the appearance of being evacuated and the branch 
18 filled with dense protoplasm. In E, the branch appears as a peg- 
like outgrowth (o) which is penetrating into the underlying palisade 
cell and a nucleus (6) is ready to pass into it. 

Palisade penetration occurred without any apparent retardation 
of apical growth. There was no constriction of the hypha at the 
point of cell-wall penetration and no visible alteration of either the 
cellulose or middle lamellar portions of the walls. Leach (23) working 
with CoUetotrichum lindemuthianum, observed that the primary 
hypha bent, and that the advancing tip swelled, due to the retarda- 
tion of apical growth during cell-wall penetration. He also stated 
that the hole made through the cell wall was very small and that the 
mycelimn was constricted at that point. Allen reported that the 
opening in a cell wall through which a branch of the secondary hypha 
of Puccinia graminis (7) passed was too small to be seen, but that 
in P. Micina (8) it was large. 

Similar to Puccinia graminis (7), the early development of the 
secondary hyphae of Gymnosporangiumjuniperi-virginianae depended 
upon whether or not they entered palisade cells or intercellular 
spaces. If they were intercellular, the hyphae immediately expanded 
into characteristic strands of mycelium. If they were intracellular, 
they assumed the appearance of large haustoria, each connected to 
the point of entry by a slender neck. 

A 2-day-old infection is shown in figme 2, I. ^ arrow points to 
the place of entry. The primary hypha (c), which was partly lost 
in sectioning, is slightly evacuated. One branch (e) (the connection 
was lost in sectioning) has penetrated the adjoining epidermal cell. 
This secondary hypha contains one large nucleus and is forming two 
new branches at the distal end. Palisade penetration occurred 
intracellularly at d. The penetrating hypha (h), is somewhat swollen, 
is unbranched, and consists of oidy one cell. It has passed entirely 
through the cell and emerged into an intercellular space at a. From 
here on, the mycelium is regularly intercellular with the formation 
of characteristic uninucleate haustoria. 

While still in the palisade region, the hyphae exhibited diflSculty 
in passing tlirough toe compact tissues. The hyphal tips, viewed 
longitudinally, appeared as wedges prying the cell walls apart. The 
fact that there was no splitting apart of the walls in advance of the 
hyphal tips precluded toe view that toe fungus might have some 
solvent action upon the middle lamella. It seemed that considerable 

E ressure would nave to be exerted to force a passage mechanica^, 
ut that is probably what actually occurred. Allen (9) made similar 
observations upon Puccinia coronata where the early development of 
the fungus regularly takes place in the compact subepidermal region. 
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The haustoria entered the cells from the intercellular hyphae with- 
out the foimation of attachment organs. The only stimulus neces- 



Figure 3.-~For explanatory legend see opposite page. 


sary for haustorium formation seemed to be close contact of the tip 
or side wall of a hypha with the host-cell wall. A nucleus was usually 
found in the hypha near the point of haustorium formation and the 
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haustoria were regularly uninucleate. It seems reasonable to assume, 
therefore, that a nuclear division took place in the hypha and that 
one of the daughter nuclei passed into the haustorium, although the 
process was not observed. The pore of entry was about 2/x to 3#i in 
diameter and could be seen clearly. There was no apparent change 
in the cell wall at that point. The main body of the haustorium was 
connected to the intercellular hypha by a slender neck. In all of 
tlie younger infections the haustoria were one-celled and uninucleate, 
without any brandling. The haustoria generally were filled more 
densely with protoplasm than the intercellular hyphae and took iij) 
tJie violet of the tnple stain heavily. 

Growth of the mycelium was accelerated greatly after the second 
day. A naedian section of a 4-day-old lesion is shown in figure 3, 0. 
An arrow indicates the point of entiy, and the primary hypha, turgid 
in appearance and containii^ one nucleus, is shown at b. Intercel- 
lular penetration of the palisade occurred and the secondary hypha 
immediately branched and ramified the local palisade region to a 
limited extent. Simple, uninucleate haustoria occupy most of the 
palisade cells in tlie region of penetration and slight depletion is 
evident in the reduction in the number of plastids. Two cells' at a 
show disorganization of tlieir protoplasts. The host nuclei in the 
parasitized cells were usually in contact with the haustoria but only 
because of the vigorous expansion of the haustoria. There was no 
apparent movement of the nuclei in response to the presence of the 
fungus. Haustoria were not seen whicli encircled the nucleus or 
changed its shape due to contact or the application of pressure against 
it. In fact, all of the host nuclei retained their normal structure and 
staining reaction. 

After gaining access to the large intercellular spaces of the spongy 
parenchyma region, the fungus spread rapidly. Long hyphae appear 
as runners (fig. 3, G, c, d) which have already spread a distance of 
about 200^ from the point of entry. These runners are sparsely 
branched, contain dense i)rotoplasms, and have widely separated 
septa. The cells are uninucleate. Occasional parenchyma and 
lower epidermal cells along their path contain characteristic haustoria 
which, no doubt, help to supply food for this rapid growth. 

Spread of the mycelium was much less rapid in the palisade than 
in the spongy parenchyma. Haustoria, however, were more nu merous 


EXPLANATORY LEGEND FOR FIGURE 3 

.1.— Eight-day-old infection on Fameuse. An arrow points to the remains of the appressoriiini. Epi- 
<lermal cell (o) contains disintegrated primary hypha and collapsed host-cell contents; intercellular hypha 
(6) is vacuolate; degenerating host-oell protoplast invaginated by dead haustorium (e); haustorium at a 
empty and one at c Killed back from tip. X 650, .... . , 

-Seven-day-old infection on Yellow Transparent. Dead haustoria (d and e) occupying living colls, 
normal haustorium (c), empty haustorium (a), evacuated hypha (5). X 650. , 

C. — Four-day-old infection on Baldwin. An arrow indicates the point of penetration. The epidermal 
fiell of entry has collapsed and contains the remains of the dead primary hypha. Haustorium (a) In a 
living cell died before it fully expanded; palisade cells (6) are dead; host cell (c) dlsintegratlM. X 440. 

D. —Pyonial initiation on Wewthy, 9 days after inoculation. Mass of hyphae (6) in subepidermal 
haustoria (o and e) and intercellular hyphae id and e) becoming evacuated: host cells impoverished. X660. 

E. — Four-day-old infection on Yellow Transparent. An arrow Indicates the point of penetration. 
Primary hypha (o) partly collapsed; haustorium (5) and hypha (d) are dead; hypha at c degenerating; 
normal haustorium In lower epidermal cell at e. X 440. 

F. — Four-day-old infection on Pamouse. An arrow indicates the point of penetration. Primary hypha 

(6) dead; intercellular branch (a and r) degenerating; host cell (c) contains the remains of a dead haustoriuni 
and of its own collapsed protoplast; dead haustorium if) in a living cell; advancing hyphae id and g) densely 
filled with protoplMm. x 4«). ^ ^ , . . 

(7.--Four-day«old infection on Wealthy. An arrow indicates the point of penetration. Primary hypha 
(b) uninucleate and turgid; vacuolate haustoria (o) occupy cells with broken down protoplasts; stolonllke 
branches in spongy parenchyma region at c and d. X 440. 
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and in a few cases appeared in the upper epidermal cells. This is 
not in a|reement with Reed and Crabill (SO) who reported that ihey 
did not find haustoria in the epidermal cells of apple rust infections. 

From the fourth to the tenth day, there was very little change in 
host-parasite relations. The lesions continued to spread in all 
directions, especially m the spongy parenchyma region. In the older 
parts of a 9-day-old infection (pi. 1, A) nearly every host cell con- 
tained an haustorium. Depletion of the cytoplasm of these cells 
was still slight, although many of the plastids had disappeared. 
The margin of the lesion appeared similar to the margin of the 4-day- 
old lesion. Near the center of the infection (fig. 3, Z>), hyphae had 
begun to accumulate in the subepidermal region preparatory to 
pycnial formation. These hyphae were filled with dense cytoplasm 
(o) whereas the haustoria (a and c) and other vegetative hyphae 
(d and e) appeared to be nearly empty. 

After the pycnia had ruptured the epidermis, the activity of the 
host and of the parasite showed decidedly different trends. A 
photomicrograph of a 15-day-old infection (pi. 1, (7) shows the general 
character and location of the reactions. 

In the spongy parenchyma region below the pycnia, hypertrophy 
of the cells caused the obliteration of the large intercellular spaces 
and the collapse of a lai^e portion of the lower epidermis. A rep- 
resentative cell from this region is shown in figure 4, K, It is approx- 
imately four times normal size and contains a uninucleate, branched 
haustorium at o, which is almost empty. The host nucleus (b) is 
approximately twice the normal size and is stained very faintly, giv- 
ing the impression that the reticulum was loosening. The lumen of 
the cell otherwise appears empty except for a tliin strand of cytoplasm 
(c). The intercellular hyphae appeared to be empty except for their 
nuclei. 


EXPLANATORY LEGEND FOB FIGURE 4 

A. —Penetration failure upon old Wealthy leaf, 3 days after inoculation. Cuticle indented and appresi 
sonum partly raised caused by the pressure of the infection hypha which has failed to jienetrate. X 860« 

B. — Penetration failure upon old Wealthy leaf, 3 days after inoculation Infection hypha has pene- 
trated the cuticle but failed to puncture the epidermal cell wall. X 850. , . , 

C. — Penetration failure upon old Wealthy leaf, 3 days after inoculation. Infection hypha penetrated 
the cuticle and flattened out against the epidermal cell wall; the appressonurn is slightly raised. X 860. 

B.— Dorsal surface of young Wealthy leaf, 5 days after inoculation. Arrows indicate the point of pene- 
tration in two separate infections. Primary hyphae (o and d) are dead and their secondary branches 
(6andc), after having emerged into large intercellular spaces, have also sutKJumbed. X 850. 

B.— Tissues from the marginal region of a 15-day-ola infection on Wealthy. Normal haustoria (6, c, 
and d) occupying living cells; vacuolate hypha (o). X 700. , . , , „ . v 

P.— Margin of pycnium in a 15-day-old infection on Wealthy. Dead epidermal cell (o); evacuated 
haustoria (o and c) occupying broken-down epidermal cells; bases of pycnosporophores (a and e) densely 
filled with protoplasm; intercellular hyphae (g) nearly empty; haustorium with dead tip (/) lying in a 
degenerated host-cell protoplast. X 700. tt * i.. 

0 . — Portion of an 18-day-old lesion in a Wealthy leaf of mature age at the time of moailation. Haustoria 
(a and c) partly empty and dead; hyphae (d and e) vacuolate but still alive; hypha (o) degenerating. 
X 1 070 

//.—Tissue from the center of a 15-day-old infection on Yellow Transparent. Vacuolate hypha (a), 
normal hypha and haustorium (6 and e), empty haustorium (c), injured haustorium occupying degen- 

on YeUow T^imuwt. CoUai^ epidermd Mil (o), 
empty haustorium In de^ host cell (/), vacuolate hyphae (c, d, and e), pycntel initials (5). X 700. 

f-M^n of lfi-d»%ld InteoHon on Fameuse. Dead haush^ ^pying dislnt^t^ tot cells 


rium (a)f haustoria (c, /, and h) showing partial collapse at the tips, host nucleus (e) disintegrating, inter 

a\Miy.old InfMtlon on Ydlow T^I^nt. folate hypha 
(d), normal haustoria (a, t>, and c) occupying living cells, degenerating host cell (s). X 700, 
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The palisade cells in the vicinity of the pycnia were crushed and 
their protoplasts were being broken down. A portion of palisade 
tissue beneath a mature pycnium is shown in figure 4, i. The host 
cells are slightly hypertrophied and are disorganized. Their con- 
tents appear mostly as aggregates of small globules wliich were not 
positive to any of the stains used. Tliis indicates coagulation of the 
protoplasm. A host nucleus in the process of disintegration is shown 
at e. Haustoria are also in progressive stages of collapse. The one 
at a is dead. Those at c, /, and h have been killed back from the 
tip and their basal portions, aside from the presence of large nuclei, 
are empty. The intercellular spaces are nearly filled with empty 
hyphae (6). 

The upper epidermal cells also show degeneration duo to the now 
aggressive attack of the fungus. In figure 4, F, a group of these 
cells bordering a pycnium show prominent haustoria at b and c partly 
surrounded by disintegrated host-cell protoplast. The only epider- 
jual cells to collapse completely, however, are those near the ostioles 
of the pycnia (a). The pycnosporophores (d and e) are densely filled 
with protoplasm and the bordering liyphae are nearly empty. 

In the outer zone of infection, congeniality between the host and 
parasite continued to exist although marginal extension of the myce- 
lium had practically ceased. The runners, typical of younger infec- 
tions, were absent. A group of cells near the margin of a 15-day-old 
lesion are shown in figure 4, E. Haustoria at 6, c, and d arc uninu- 
cleate and contain dense cytoplasm. A vacuolate, intercellular 
hypha is shown at a. The host cells are little affected. Distinct 
plastids still remain. 

YELLOW TRANSPAJIENT 

Yellow Transparent was intermediate in its reaction to rust infec- 
tion. The fungus became established and was able to maintain con- 
genial relations with the host long enough to continue its gradual 
spread. Finally, development ceased altogether and the wliole lesion 
collapsed before pycnia matured. 

A 2-day-old infection is shown in figure 2, 11. An arrow points to 
the place of entry. The primary hypha is swollen and contains one 
nucleus (c) which is dead, and a mass of dead cytoplasm at the proxi- 
mal end. Otherwise, it is almost empty and apparently has ceased 
activity. The host nucleus at b is degenerating. It seems prob- 
able that the primary hypha succumbed first owing to its inability to 
endure the unfavorable medium surrounding it, and that the partial 
collapse of the host nucleus is a result of the diffusion of deleterious 
or toxic materials from the dead fungous protoplasm. Intercellular 
penetration of the palisade occurred at a and the secondary hypha has 
sent out two haustoria, wliich have fully expanded. 

A 4-day-old infection (fig. 3, E) shows decided advancement. An 
arrow indicates the point of entrj. The primary hypha (a) has 
partly collapsed and is empty. Pahsade penetration occurred and the 
mycelium ramified the local palisade region sending typically normal 
haustoria into many of the cells. The relation here is congenial with 
very little depletion of the host cells. The mycelium has developed 
feebly in the spongy parenchyma. The long runners, common in 
infections in Wealthy leaves, are absent and the whole lesion is not 
more than 100m in diameter. A dead hypha is shown at d and one 
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in a partial state of collapse at c. An haustorium (6) is dead but its 
host cell shows no deleterious effects. Contact has been made 
with the lower epidermis at e. None of the host cells showed any 
degeneration or drastic reaction to infection, even though some of 
the hyphae were dead and collapsed. 

Marginal spread of the fungus continued slowly \mtil about the 
ninth day, when slight hypertrophy and degeneration of the host 
cells in the center of the lesion began. Rapid break-down of nearly all 
of the parasitized host-cell protoplasts followed. Only a narrow zone 
at. the margin of the lesion showed a compatible relationship between 
the parasite and the host. A photomicrograph of a 15-day-old 
infection (pi. 1, B) shows that nearly all of the host-cell protoplasts in 
the upper-epidermis, lower-epidermis, and mesophyll tissues arc 
degenerating or have already disintegrated. 

The collapse of the host cells mentioned above followed closely upon 
the gradually increasing injury to the fungus. A section of a 7-day- 
old infection (fig. 3, B) shows that the palisade cells near the center of 
the lesion are still apparently imharmed except for a depletion of 
cytoplasmic substances and plastids. The host-cell nuclei still 
retain their normal structure and staining reaction. On the other 
hand, haustoria at d and e are dead. Their contents are coarsely 
granular and heavily stained with safranin. The haustorium at c 
has retained its normal healthy appearance. 

The details of the disorganization which followed are represented in 
three illustrations taken from different regions of 15-day-old infec- 
tions. The palisade and upper epidennal tissues in the central 
portion appear in figure 4, 7. Large, densely filled hyphae (6) are 
accumulating in the subepidermal region ])reparatory to pycnial 
formation. The intercellular hyphae at c, rf, and e are becoming 
evacuated, as well as the haustoria occupying collapsed palisade cells. 
N one of the host cells is now alive and it is of special interest to note 
that the hyphae lying adjacent to them appear to be unharmed. A 
group of cells from the spongy parenchyma region (fig. 4, H) show 
widespread disintegration of host cells. Haustoria (c and d) are nearly 
empty and arc embedded in the broken-down host-cell protoplasts. 
The hypha at b and the haustorium at c, however, still retain a 
Jiealthy appearance. Tissue from the marginal zone is shown in figure 
4, M. The haustoria (a, 6, and c) are fully expanded and the invaded 
cells appear to be only slightly affected. The adjoining cell (€), 
however, shows hypertrophy and degeneration. 

PAMBUSE 

The leaves of Fameuse were resistant to rust infection. The lesions 
were usually confined to small regions in the upper epidermis, palisade, 
and spongy parenchyma tissues. Very seldom did the hyphae reach 
the lower epidermis. The end resist was death and collapse of the 
host cells attacked and of the parasite. 

A 2Hday-old infectiox^i is shown in figure 2, J. The primary hypha at 
b is partly collapsed And the contents are dead. The host nucleus 
(c) shows a change in staining reaction. The chromatin material was 
positive to safranin rather than to the gentian-violet. This reaction 
IS in line with that winch occurred in the case of Yellow Transparent, 
although in Fameu^ the death of the primary hypha seemed to be 
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more rapid. Intercellular penetration occurred at a and the secondary 
hypha has grown downward between two palisade cells but, as yet, 
has not produced a haustorium. The surroimding palisade and 
epidermal cells are xmchanged. 

Further contact with the host cells probab^ occurred soon after the 
second day. A 4-day-old infection (fig. 3, F) shows advancement of 
the hyphae into the second layer of palisade and spongy parenchyma 
tissues. Haustoria have entered several of the cells. The inter- 
cellular branch (a and e) has collapsed and most of the stainable 
contents now appear in the advancing hyijhal tips at d and g. The 
palisade cell at c, probably the first m tms region to be invaded, is 
dead. Other host cells are not seriously affected, although many of 
the haustoria are dead as shown at/. The primary hypha (b) is in a 
late stage of disintegration. 

After the eighth day, development of the fungus ceased and the host 
cells and the mycehum degenerated rapidly. Analysis of the data 
showed that, although the fungus made omy feeble growth during 
its existence, the actual death of the haustoria preceded serious injury 
to the host cells. A photomicrograph of a 15-day-old infection 
(pi. 1, D) shows that death and collapse of the tissues is nearly 
complete. No living hyphae or haustoria could bo found. A group 
of cells from an 8-day-old infection (fig. 3, A) shows in detail the nature 
of the disintegration. At the margin of a 15-day-old lesion (fig. 4, J) 
dead haustoria occupy the broken-down protoplasts of their host cells 
at a, 6, d, and/ with invagination of the dead cytoplasm at a. In most 
cases the haustoria still keep their identity. 

BALDWIN 

The leaves of Baldwin were very resistant. The development of the 
fungus was restricted to the epidermal cell of entry and the adjacent 
palisade cells. Within 2 days after infection, the fungus died and 
shortly thereafter the adjoining host cells were violently affected. 

A 2-day-old infection is shown in figure 2, K, An arrow indicates 
the point of entry. The primary hypha at d is dead. Intracellular 
penetration occurred and the secondary hypha {e) is also dead. The 
host nuclei at a and c within the parasitized cells are dead, and their 
state of collapse indicates that death followed soon after the fungus 
had succumbed. The host nucleus at h in the adjoining epidermal cell 
has enlarged. 

A 4-day-old infection (fig. 3, C) shows the drastic effects upon the 
host cells in the lesion. The epidermal cell of entry has collapsed. It 
contains the dead remains of the primary hypha and of the dead 
host-cell protoplast. The intercellmar secondary hypha is dead. A 
small haustorium at a died just as it entered a palisade cell. This 
cell is still alive and has just completed a division. Two palisade 
cells h are dead and a cell at c directly beneath these is disintegrating. 
All of the adjacent palisade cells contain faintly stained, vacuolated 
cytoplasm in contrast to the dense cell contents of the normal cells 
surrounding them. The plastids have disappeared and the nuclei 
have enlarged slightly. Here again the death of the fungus apparently 
preceded the collapse of the host cells and the reaction was more 
severe than in the case of Yellow Transparent or Fameuse. 

A photomicrograph of a 3-day old infection (pi. 1, E) shows clearly 
the sharp differentiation between the dead fungus and the surrounding 
healthy host cells. The primary hypha and the intercellular hyphae 
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in tJie underlying p^isade appear aa homogenous black strands in 
the photo^^aph, indicating their total collapse. The epidermal cell 
of entay is degenerating and a palisade cell directly beneath^ which 
was parasitized, is dead. Adjoining palisade and upper epidermal 
cells appear to be unaffected. These host tissues are clearly neither 
hypersensitive nor hvpersusceptible. Starvation of the fungus also 
seems to be out of the question because the hyphae did not appear 
to be impoverished or depleted at the time of their collapse. 

FURTHER OBSERVATIONS ON WEALTHY 

DORSAI^SURPACE INFECTION ON YOUNG LEAVES 

Successful iniection of the lower surfaces of young Wealthy leaves 
was infrequent. Early stages in the development of such lesions 
were not encountered in the cytological preparations studied. About 
12 days after inoculation, however, a few scattered rust spots became 
visible. Cytological study of these infections showed the character 
of host-parasite relations to be typical for the normal development 
in Wealthy leaves. 

In all cases, penetration of the epidermal cells occurred freely and 
the primaiy hyphae expanded in the usual manner (fig. 4, Z?). The 
secondary oranches (6 and c) penetrated the large intercellular spaces 
of the spongy parenchyma and, therefore, failed to establish contact 
with the mesophyll cells of the leaf. Cessation of growth and death 
quickly followed. The case here described was typical of all of the 
younger infections, but the occupation of a single epidermal cell by 
more than one primary hypha was uncommon. None of the sec- 
ondary hyphae were observed to emerge into adjoining epidermal cells. 

INFECTION ON LEAVES PASSING INTO MATURITY 

The types of reactions shown by Wealthy leaves which had just 
passed tne period of expansion into full maturity are of special in- 
terest. Penetration occurred through the unwounded ventral epi- 
dermis and in 3 weeks the mycelium had spread approximately 225m 
from the point of entry. Hypha ramified the mesophyll tissues to a 
considerable extent and nearly every host cell in the lesion was in- 
vaded by a haustorium. The host cells harboring haustoria became 
vacuolate and their cytoplasmic substances (fisappeared almost 
completely. Pycnia were not initiated. The group of cells from an 
18-day-ola infection (fig. 4, G) show almost complete cessation of 
fungal activity. Haustoria at a and c are functiqnmg no longer and 
the hyphae at d and e, aside from their large nuclei, are nearly empty. 
The hypertrophy of host cells and collapse of their protoplasts common 
in older infections in youi^er leaves is not found here. 

INFECTIONS ON OLD LEAVES 

Penetration^to the epidermal cells did not occur on the leaves of 
Wealthy which were approximately 3 weeks past the attainment of 
full size and maturity. This was true of both dorsal- and ventral- 
surface inoculations. The sporidia germinated in the usual manner 
with the production of short germ tubes, appressoria, and infection 
hyphae. An examination of several hunorea cases showed that none 
01 the infection hyphae was able to complete the penetration process. 
Many were however, where these minute pegs clearly 

trated the ouime but failed to pass the epidermal cell walls. The 
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stainii^ reactions in these preparations produced clear di£Ferentia,tion. 
pie inaction hyphae were dark violet in contrast to the transparent, 
light green of the cuticle and the dark, dull green of the emdermal 
cSl walls. In figure 4, A, the infection hjpha appears to be flattened 
against the cuticle. The application of pressure is quite apparent 
because the cuticle is slightly indented and the appressorium is raised 
and moved to one side. In B, the infection hypha has penetrated 
the cuticle and indented the epidermal cell ww. Another case C 
shows, in addition, the partial dislodgment of the appressorium. The 
'type of resistance shown by these leaves seems to be of a purely 
physical nature. 

DISCUSSION 

The apple rust fungus is an obligate parasite and goes through its 
cycle of development only upon a living, susceptible host. When 
an apple leaf is exposed to infection under favorable external condi- 
tions, the paramount factors requisite to a successful infection, 
therefore^ seem to fall naturally into three classes, as follows: (1) 
The abihty of the sporidial germ tube to penetrate into the epi- 
dermal cell of the leaf, (2) the presence of a suitable substrate 
for the growth of tlie parasite in the cell protoplasts, and (3) the 
ability of the host cells to remain alive and function in a manner 
agreeable to the fungus. If this is tnie, any shortcomings in the 
production of a successful infection may be attributed to tiie absence 
of one or more of these requisites. 

It has been shown that the apple rust fungus was able to penetrate 
the leaves of resistant varieties. No evidence was obtained which 
indicated that the parasite was excluded, even from the leaves of 
Baldwin, where no macroscopic signs of infection were detected. 
Gibson {18) observed that uredinial germ tubes entered the stomata 
of plants wddely separated taxonomically, and conchided that pene- 
tration is not a rehable index of infecting capacity. This may have 
no application here, however, because the sporidial germ tubes of 
Oymrios^orangium juniperi-virginiancte penetrate directly. Melander 
and Craigie (S6) found, in some cases, a correlation between resistance 
of the epidermis to puncture and rust resistance in the leaves of 
Berberis, the alternate host of Puccinia graminis. They found no 
evidence that the sporidial germ tubes entered an immune host like 
B. thumbergii, and concluded that morphological characters may 
account for resistance in some species. Although the observations 
made upon apple rust lend no support to the existence of varietal 
resistance due to morphological features, it is not impossible that such 
cases may be found in other varieties. 

The immature leaves of Wealthy are susceptible to 0. juniperi- 
virginianae. As long as tlie host cells remain alive they present a 
favorable medium for the development of the parasite. Dead haus- 
toria are never fotiRd associated writh living cells of this variety. 

Varietal resistance appears to be due to some factor or factors in the 
host-cell protoplasts iniurious to the fungus. This antagonism is 
severe in Baldwin, slightiy less pronounced in Fameuse, mild in Yellow 
Transparent, and tot^y absent in Wealthy. The exact nature of the 
factor or factors involved stiU awaite solution and may be sought in 
an analysis of the chemical composition and physicochemical structure 
of the hving host cells. 
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In lieu of an actual solution of the problem, various tiieories have 
been suggested. Many of these are based entirdy upon microscopical 
evidence, but, recently, other methods of study have been employed. 
Ward (34) proposed that immunity was due to antagonistic reactions 
between host and parasite of the nature of the formation of tojdns 
and antitoxins. Marryat (35), Gibson {18), Stakman (SS), AUen (1), 
and others are generally in agreement with Ward. Leach (33) sug- 
gested a hypothesis based on a possible specific food requirement on 
the part of the fungus and the corresponding lack of this food sub- 
stance within the host. Edgecombe {15) performed serological 
studies of wheats, susceptible and resistant to Puccinia rubigo-vera 
tritici. Purified globulin extracts of the grain were used as immuniz- 
ing agents and the resulting antisera were given the precipitin test 
using the original extracts ^ test antigens. The results showed a 
relationship between precipitin reaction and rust resistance. Since the 
globulins used were believed to have been a part of the cytoplasm, it 
was reasoned that the genetic factors responsible for resistance were in 
some way associated with the factors producing the specific globulins. 
Leemann (34) proposed the theo^ that the holistic quality of the 
cell may play an important role in active plant immunity. It was 
based upon the assumption that the protoplasm of an immune host 
may not contain any specific substance deleterious to the invading 
organism, but that the living protoplasm as a whole, built up into a 
complex system, may present an unfavorable substrate. The phenol 
hypothesis of Newton and Anderson {28) suggests that rust resistance 
in wheat may be caused by the liberation of toxic phenolic compounds 
in the host cell upon the entrance of the fungus. This mechanism 
may explain different types of rust reactions when one considers the 
possible conditions following the action of fungal enzymes upon the 
phenolic compounds in the host-cell protoplasts. 

Wliether the antogonism against tiie apple rust fungus is already 
present in the make-up of tlie host-cell protoplasts or is induced by 
the parasite and presents a counterreaction against the intruder is 
open to question. Cytological evidence cannot settle tiiis point. 
However, the substance or substances antagonistic to the fungus s^m 
to be specific because many cases were found where the haustorium 
occupying tlie host cell had died and the cell itself showed no vitible 
change. The reverse situation was found only in the older infections 
upon Wealthy and Yellow Transparent where the host apparently 
succumbed to the vigorous and prolonged attack by the parasite. 

Regarding the interaction of host and parasite, many workers have 
obs^ed peculiarities in the sequence of events. Ward {34), study- 
ing infections by Puccinia dispersa in resistant bromes, found that the 
germ tubes entwed the stomata in a normal manner but either killed 
a few cells and then disintegrated or grew ve^ slowly and failed to 
produce pustules. Marryat (35), working with P. glutnarum upon ^ 
the resistant American Club wheat, also noted irregularity. Stakman 
{33) observed injmy of host cells to be a common phenomenon among 
plants resistant and immune to P. graminis and that the degree of 
hypersendtiveness varied in direct proportion to the degree of resis- 
tance. Regarding infection of P. graminis tritid upon the resistant 
Kanred wheat, Mien {1, p. 143) says, “* * * in one case the 
host cell is severely damaged at a time when the fungus is not visibly 
harmed, and in another the host cell is still normal in appearance 
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while the fungus has succumbed.” According to Evans (17) no harm- 
ful effects to the host cells followed the invasion or establishinent of 
the onion smut fungus, Uroeystis cemilae, in either susceptible or 
nearly immune onion seedlings. In fact, mycelium which was badly 
degenerated or already dead was found in host cells which were still 
apparently healthy. 

During active production of the pycnial exudate by the apple 
rust fui^s, the mycehum seemed drained of its cytoplasm. Evans 
(16) and Allen (2), working with certain of the cereal rusts, noted a 
drainage of protoplasm from the central mycehum to the peripheral 
hyphae during fruiting. This does not seem to apply here because 
an accumulation of protoplasm in the peripheral hyphae is not found. 
A likely interpretation is that the contents of the hyphae are trans- 
ported in some maimer to the pycnia to support the proUfic fruiting 
of the fungus. This is in agreement with the recent work of Liu * 
who made similar observations during his investigations of sexuahty 
in Gymmsporangium junipen-virginianae. The mechanism of this 
transfer is not understood, although it probably depends upon the 
presence of pores or other openings in the septa and a consistency of 
cytoplasm which would expedite movement. Allen (2) recognized 
thb problem and suggested the possibihty of some autolytic or 
digestive process reducing the hyphal contents to simpler soluble forms 
that would be more readily transportable. For a long time it has 
been known that protoplasmic streaming occurs in fungi, especially 
in the mucors and other groups having coenocytic hyphae. Buller 
(IS) gives an excellent review of the literature on this subject. His 
own research showed that, in the higher fungi, pores were present in 
the septa through which protoplasm passed freely. Pores were not 
observed in the septa of the apple rust fimgus. If, however, what 
Buller observed is applicable here, the passage of fungous protoplasm 
to a point where it is needed most may be explained. 

It is also of interest that the marginal spread of the lesion almost 
ceased when pycnial formation began. Here again, it is believed 
that the fiuitii^ activities of the fui^s drew so heavily upon the 
food materials of the hyphae that energy for continued vegetative 
growth was not available. 

Inoculations upon the dorsal surfaces of young Wealthy leaves 
usually failed. The secondary hyphae, emeigmg from the epidermal 
cells into the large intercellular spaces of the spongy parenchyma 
region, became shriveled and finally collapsed before they could 
establish contact with mesophyll cells. Death of the fimgus by 
starvation seems to offer the most plausible explanation for this type 
of _ infection failure. In addition, the protoplasts of the lower 
epidermal cells may present a less suitable medium for thayomig 
parasite and the secondary hyphae possibly find the changing gas 
tensions of the intercellular spaces unfavorable during early develop- 
ment. The parasite certainly encounters a different environment 
in the lower epidermis as compared to the upper where 2 or 3 compact 

f talisade layers without apparent intercellular spaces are present, 
t is, therefore, not surprising that the parasite behaves differently 
following lower-surface penetration. 

* Liu, J. 0, investigations on the sexual behaviob or the apple bust fungus. tJnpubllsbsd 
doetoral dissertation. Uiiiv. Wis. 1933. 
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The nature of resistance of mature Wealthy leaves is of special 
interest in view of the present lack of cytological evidence concerning 
this phenomenon. 

Giddings (19) reported that York Imperial apple leaves were usually 
susceptible to rust for from 16 to 25 days after they unrolled from the 
buds, the length of the period being closely associated with growth 
conditions, and believed (19, p. 3S) 

* * * this acquired inuuunity in York Imperial leaves is due primarily to a 

change in materials available as food for the early nutrition of the fungus; and 
secondarily to certain changes in the thickness and composition of cell walls, 
leaf coverings, etc., which might be classed as physical. 

Regarding this point, Reed and Crabill (SO) also advanced the 
probability that the inhibitii^ factor was the increasing thickness of 
the cuticle and cell walls. 

Giddings and Berg (SO) found that mature leaves occasionally 
became infected through insect punctures and other wounds, but that 
infections of this kind developed very small lesions and aecia were 
never noted from them. This may lead to the belief that penetration 
was normally prevented but occurred when an avenue of entry was 
provided, and f^at, once inside the tissues, the fui^s was imable to 
develop very far, due to some unfavorable situation in the mature 
leaf mesophyll. 

The inoculation experiments of Miller (S7) showed that soimd, 
mature leaves of the susceptible varieties, Rome Beauty, Wealthy, and 
Jonathan, were resistant to apple rust infection but when the leaves 
were tom, prior to inoculation, lesions producing pycnia and aecia 
occurred along the edges of the woimd. The mature leaves of the 
resistant varieties, Winesap and Delicious, showed no infection even 
when wounded. These data led to the interpretation that the resist- 
ance shown by mature leaves of susceptible varieties probably 
possessed a morphological basis. 

In the present work. Wealthy leaves, which had reached full size at 
the time of inociilation, showed no visible infection. Microscopic 
examination, however, showed the presence of numerous lesions. 
Although actual penetration was not observed, no wounds were 
found near the point where entry was believed to have occurred. 
Some factor or factors prevented the fungus from followii^ its normal 
cycle of development. A fundamental antagonism apparently does 
not exist. The evidence on this point is clear but interpretation is 
difficult and anything that might be said about it would be purely 
speculative. 

The spoiidial germ tubes failed to penetrate the epidermis of old 
Wealthy leaves. In some cases the infection hyphae pimctured the 
cuticle, only to be stopped by the epidermal cell wall. In many 
instances, me cuticle and epidermal cell wall were indented and the 
appressorium partly ^lodged from the leaf. These observations 
strongly suggest a physical ability of the epidermis to withstand the 
pressure of me penetrating infection hyphae. 

' SUMMARY 

Cytolo^cal studies of apple rust infections in the leaves of four 
apple vaneties, each differing from the other in its reaction to the 
rust fungus, are here reported. 
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The sporidial geim tubes penetrated the host directly and the 
process was essentially the same on each variety. The fungus began 
its paradtic activities intracellulaily by devuoping a conspicuous 
primary hypha in an epidermal cell. 

In young Wealth^^ leaves, the fungus developed vigorously for 
about 10 days after infection occurred. The unmudeate niycelium 
was regularly intercdlular, sending characteristically uninucleate 
haustona into the host cells. The haustoria were usually simple, 
rarely branched. Impoverishment of the parasitized host cells was 
sB^t, r^ulting generally only in a reduction in number of plastids. 

Coincident wiw pycmal formation, marginal spread of the fimgus 
almost ceased and the h^hae appeared to he partiy depleted of their 
cytoplasmic contents. Tuese phenomena are attributed to the fruit- 
ing activities of the fungus. It is thought that the food reserves in 
the hyphae, transported centripetally m some way to support the 
rapid exudation of the pycnia, were unavailable for further vegeta- 
tive growth. 

In the vicinity of the pycnia, the spongy parenchyma ceDs became 
hjrpertrophied and the protoplasts of the palisade and upper epidermal 
cells degenerated. The hypertrophy resulted in the obliteration of 
the large intercellular spaces in the spongy parench 3 rma region and 
the collapse of a portion of the lower epidermis. Haustoria occupy- 
ing the broken-down cells were in various stages of collapse due to 
their unfavorable surround^. As long as the host cells remained 
alive, however, they furnished a favorable substrate for fungal 
development. 

In the leaves of the other varieties used, resistance was due to a 
distinct antagonism of the host-cell protoplasts to the invading para- 
site. The reaction was mild in Yellow Transparent, severe in 
Fameuse, and extremely severe in Baldwin. The ftmure of the fungus 
to establish itself could not be attributed to hypersensitiveness of 
the host cells, resvilting in starvation of the obl^ate parasite. Death 
and collapse of the fungus preceded injiuy to the host cells. 

Dorsal-surface infections upon young Wealthy leaves generally 
fafled. Penetration occurred m the usual manner but the secondary 
hyphae, emerging from the epidermal cells of entry into the large 
inl^celiular spaces of the spongy paTench 3 fina tissue, shriveled and 
collapsed before they could establish contact with mesophyll cells. 
This mfection failure is attributed largely to starvation of the parasite. 

As Wealthy leav^ reached mature size, they became resistant. 
No macroscopic lesions appeared. The fungus, however, was able 
to penetrate and make considerable vegetative growtn. Pycnia 
were not initiated. Aside from depletion of the invaded cells, the 
host showed little deleterious effects. Some situation, apparently, 
in the host, did not allow the fimgus to follow its normal cyde of 
development. 

The complete resistance shown by old Wealthy leaves is attributed 
to physicd properties of the epidermis which successfully prevented 
the infection hyphae from gaining entrance into the host. 

LITERATURE CITED 

(1) Ai.lbn, R. F. 

1923. A CTTOLOOICAL STUDY OF INFISCTIOK OF BAART AND KANRED WHEATS 
BY pucaNiA ORAMiNis TRiTici. Jour. Agr. Research 23: 
131-152, Ulus. 



Oct 1 , tm Stvdy of Resistance of Apple Varieties to Rust Fungi 696 


(2) AlIiBN. R. F. 

1924. CYTOIiOGICAL STUDIES OF INFECTION OF BAART, RANKED, AND 
MINDUM WHEATS BY PUCCINIA GRAMINI8 TRITICI FORMS III AND 

XIX. Jour. Agr. Research (1923) 26: 671-604, illus. 


(3) 

(4) 

( 5 ) 

(6) 


1926. CYTOLOGICAD STUDIES OF FORMS 9, 21 AND 27 OF PUCCINA GRAMINIS 
TRITICI ON KHAPLI EMMBR. Jour. AgT. Research 32: 701-726, 
ilius. 


1926. A CYTOLOGIC AL STUDY OF PUCCINIA TRICINA PHYSIOLOGIC FORM 11 
ON LITTLE CLUB WHEAT. Jour. Agr. Research 33: 201-222, 
iUus. 


1927. A CYTOLOGICAL STUDY OP ORANGE LEAF RUST, PUCCINIA TKlTICINA 
PHYSIOLOGIC FORM 11, ON MALAKOFF WHEAT. Jour. Agr. 

search 34: 697-714, illus. 


(7) - 

( 8 ) - 
(9) - 

( 10 ) - 


1928. A CYTOLOGICAL STUDY OP PUCCINIA GLUMARUM ON BROMU8 MARGl- 
NATUS AND TRiTicuM vuLGARE. Jour. Agr. Research 36: 
487-613, iUus. 


1930. A CYTOLOGICAL STUDY OF HETEROTHALLI8M IN PUCCINIA GRAMINIS. 

Jour. Agr. Research 40: 585- 614, illus. 

1932. A CYTOLOGICAL STUDY OF HETEROTHALLISM IN PUCCINIA TRITI- 
ciNA. Jour. Agr. Research 44: 733 754, illus. 


1932. A CYTOLOGICAL STUDY OP HETEROTHALLISM IN PUCCINIA CORO- 
NATA. Jour. Agr. Research 45: 513-541, illus. 


1934. A CYTOLOGICAL STUDY OF HETEROTHALLISM IN FLAX RUST. 

Agr. Research 49: 765-791, illus. 


_ Jour. 

(11) Bifpen, R. H. 

1907-12. STUDIES IN THE INHERITANCE OP DISEASE-RESISTANCE. I- 11. 

Jour. Agr. Sci. {England] 2: [109] -128, 1907; 4: [421] -429, 1912. 

(12) Bliss, D. E. 

1933. THE PATHOGENICITY AND SEASONAL DEVELOPMENT OP GYMN08PO- 
RANGiuM IN IOWA. lowa Agr. Expt. Sta. Research Bull., 166 pp. 
[339]-392, iUus. 

(13) Buller, a. H. R. 

1933. RESEARCHES ON FUNGI. V. 5, illus. Loudon. 

(14) Coons, G. H, 

1912. SOME INVESTIGATIONS OF THE CEDAR RUST FUNGUS, GYMNOSPORAN- 
GIUM JUNIPERI-VIRGINIANAE. Nebr. Agr. Expt. Sta. Ann. 

Rept. 25: [216]-246, iUus. 

(15) Edgecombe, A. £. 

1931. IMMUNOLOGICAL RELATIONSHIPS OP WHEAT RESISTANT AND SUS- 
CEPTIBLE TO PtrCCINIA RUBIGO-VERA TRITICINA. Bot. Gaz. 91: 
1 - 21 . 

(16) Evans, I. B. Pole 

1907. THE CEREAL RUSTS. I. THE DEVELOPMENT OF THEIR UREDO MYCELIA. 
Ann. Bot. [London] 21: [441]-466, illus. 

(17) Evans, R. I. 

1933. CYTOLOGICAL STUDIES ON THE PARASITIC RELATIONSHIP OP URO- 
CYSTis CBPULAE TO THE ONION. Auier. Jour. Bot. 20: 266—268, 
illus. 

(18) Gibson, C. M. 

1904. notes on infection experiments WITH VARIOUS UREDINE^. 
New Phytol. 3: 184-191, Ulus. 

(19) Giddings, N. J. A TT. i. cj* 

1918. infection and immunity IN APPLE RUST. W. Va. Agr. Expt. Ota. 
Bull. 170, 71 pp., illus. 

(20) and Berg, A. „ ^ 

1916. APPLE RUST. W. Va. Agr. Expt. Sta. Bull. 164, 73 pp., illus. 

(21) Keitt, G. W., and Jones, L. K. 

1926» studies of the epidemiology and control of apple scab. 
Wta. Expt. sta. Research BuU. 73, 104 pp., illus. 



596 


Journal Agriculiural Beaeareh 


Vol. 61, no* 7 


(22) Leach, J. G. 

19X9. THE PABABITIBIC OF PUCCINIA OBAHINIS TBITICI EBIKBB. AND HENN. 

AND PUCCINIA OBAMINIS TBITICI-COMPACTI BTAK. AND PIBM. 

Phytopa^thology 9: [69]“-88, illuB. 

(23) 

1923. THE PABABI^TISM OF COLLETOTBICHUM LINDEMUTHIANUM. Milin. 

Agr. Expt. Sta. Tech. Bull. 14, 41 pp., illus. 

(24) Leemann, a. C* 

1932. THE PBOBLEM OP ACTIVE PLANT IMMUNITY. Zentbl. Bakt. [etc.] 

(II) 85: 380-376. 

(S5) Mabbyat, D. C. E. 

1907. notes on the infection and histology of two wheats immune 
to attacks of PUCCINIA GLUMABUM, YELLOW BUST. JoUT, AgT. 
Sci. lEnglandl 2: 1129V-138, illus. 

(26) Melandeb, L. W., and Cbaigie, J. H. 

1927. NATUBE OF KESIBTANCE OF BEBBEBIB BPP. TO PUCCINIA OBAMINIS. 

Phytopathology 17: 95-114, illus. 

(27) Milleb, P. R. 

1932. PATHOGENICITY OF THBEE BED-CEDAR BUSTS THAT OCCUR ON APPLE. 

Phytopathology 22: 723-740, illus. 

(28) Newton, R., and Anderson, J. A. 

1929. STUDIES ON THE NATURE OF BUST RESISTANCE IN WHEAT. IV. 

PHENOLIC COMPOUNDS OF THE WHEAT PLANT. Canad. JoUT. 
Research 1: 86-99, illus. 

(29) Peace, L. M. 

1910. NOTES UPON THE CLEARING AND STAINING OF LEAVES AND STEMS. 

Plant World 13: 93-96. 

(30) Reed, H. S., and Crabill, C. H. 

1915. THE CEDAR RUST DISEASE OF APPLES CAUSED BY GYMNOSPORAN- 
GiUM JUNiPERi-viRGiNiANAE 8CHW. Va. Agr. Expt. Sta. Tech. 
Bull. 9, 106 pp., illus. 

(31) Rice, M. A. 

1927. THE HAUSTORIA OP CERTAIN RUSTS AND THE RELATION BETWEEN 
HOST AND PATHOGENE. Bull. Torrey Bot. Club 54: 63-153, 
illus. 

(32) Ruttle, M. L., and Fraser, W. P. 

1927. A CYTOLOGICAL study op PUCCINIA CORONATA CDA. on BANNER AND 
cowRA-35 OATS. Calif. Univ. Pubs., Bot. 14: 21-72, illus. 

(33) Stakman, E. C. 

1915. RELATION BETWEEN PUCCINIA GRAMINIS AND PLANTS HIGHLY 
resistant to ITS ATTACK. Jour. Agr. Research 4: 193-200, 
illus. 

(34) Ward, H. M. 

1902. ON THE RELATIONS BETWEEN HOST AND PARASITE IN THE BROMES 

AND THEIR BROWN RUST, PUCCINIA DIBPERSA (ERIKSS.). Ann. 

Bot. [London] 16: [233K315, illus. 

( 35 ) 

1903. FURTHER OBSERVATIONS ON THE BROWN RUST OF THE BROMES, 

PUCCINIA DISPER8A (ERIKSS.), AND ITS ADAPTIVE PARASITISM. 

Ann. Mycol. 1: [132}-161. 

(36) 

1905. RECENT RESEARCHES ON THE PARASITISM OF FUNGI. Ann. Bot. 
[London] 19: 1-54. 

(37) Waterhouse, W. L. 

1921. STUDIES IN THE PHYSIOLOGY OF PARASITISM. VII. INFECTION OF 
BEBBEBIB VULGARIS BY BPORIDIA OF PUCCINIA OBAMINIS. Ann. 

Bot. [London] 35: [557h664, illus. 

(38) Weimeb, j. L. 

1917. THREE CEDAR RUST FUNQIJ THEIR LIFE HISTORIES, AND THE DISEASE 
THEY PRODUCE. N. Y. (Comell) Agr. Expt. Sta. Bull. 390, 
pp. 507-549, illus. 

(39) ZlMMBBMANN, A. 

1925. BAMMELREFERATE ObER DIE BB2IBHUNGBN ZWISCHEN PARABIT 
UND WIRTSPFLANZE. 11. DIB URBDINEEN. Zeutbl. Bakt. [etc.] 

(II) 65: 311-418, illus. 

(40) ZiBKLE, C. 

1930. The use of n-butyl alcohol in dehydrating woody tissue fob 

PARAFFIN EMBEDDING. ScieUCe (d. 8.) 71: 103-104. 




INFLUENCE OF THE CARBOHYDRATE-NITROGEN RE- 
LATION ON NODULE PRODUCTION BY RED CLOVER" 


By Ga&l E. Gbobgi 

Research assistawt, Wisconsin Agricultural Experiment Station 
INTRODUCTION 

There are many factors which may influence the production of 
nodules upon the roots of leguminous plants. Some of these are 
physical in character, such as light intensity, soil temperature, tex- 
ture^ and moisture ; others are chemical in nature, such as soil acid- 
ity, inorganic salts, and simple or complex organic nitrogenous com- 
pounds. Of fundamental interest is one of a chemical character 
relating to the presence of certain inorganic salts in the substrate, 
viz, the quantity and kind of combined nitrogen. 

The presence of nitrates and ammonium salts was known to reduce 
or completely suppress the numter of nodules on inoculated legumes 
long before the experiments of Hellriegel and Wilfarth revealed the 
relationship betw^n the centers of nitrogen fixation (the nodules) 
and their causal agents (the bacteria). The problem has attracted 
such wide interest that even to the present day researches have been 
conducted in the hope of determining the means by which the nod- 
ules are suppressed. A vast accumulation of data has resulted, but 
until recently attempts at interpretation have met with little success. 

LITERATURE 


During the 70 years that the inhibitory effect of inorganic nitro- 
gen on legume nodulation has been recognized, many theories have 
been proposed to explain it, but the majority of these are support^ 
by little or no experimental evidence. Briefly, the earlier theories 
were concerned with the toxic effect of nitrate nitrogen on the root- 
nodule bacteria, the production of a toxic principle in the plant, 
and immunity of the plant. 

Maze { 11 ) ^ suggested that the combination of inorganic nitrogen 
with carbohydrate in the plant to form organic nitrogenous com- 
pounds effectively reduces the level of carbohydrate. As a result, 
excretion of carbohydrate from the roots is decreased and its chemo- 
tactic action on the bacteria i*educed. Previous papers from this 
laboratory (7, 9 , 12 ) have presented data which are readily ex- 
plained by a modification of Maze’s theoiy ; the modified hypothesis 
stresses the necessity of adequate carbohydrate supply in the interior 
of the plant rather than a hypothetical chemotactic effect. A paper 
of Fred and Wilson (&) s umm arizes the experimental results and 
the hypothesis offered in explanation. 
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In field experiments, Rippel and Krause (14) show that the carbo- 
hydrate demands of the roots of the pea plant are much higher if 
nodules are present. The destruction of carbohydrate by ttie pea 
roots without nodules was similar to that of a nonle^minous plant. 
These observations are in complete agreement wiwi the modified 
theory. Allison and Ludwig (/) reemphasise the importance of 
carbohydrate supply on nodule formation and suggest that the pri- 
mary need of the carbohydrate is for tissue development rather than 
for energy purposes. They .stress the increase in the top : root ratio 
with the addition of nitrogen, and affirm that nodule development 
is repressed by combined nitrogen for the same reason that root 
development is relatively decreased under the same treatment. 

Hypotheses in explanation of this fundamental property of the 
fixation process in leguminous plants have been based lor the most 
2 >art on physiological experiments and have suffered from lack of 
experimental data of a biochemical nature. So far as the writer is 
aware, critical experiments to test the adequacy of a given hj'pothesis 
have not been made or even suggested by the various authors. Until 
these data are available, speculation is likely to rejilace conclusions 
based on experimental facts. This iiaper offers biochemical evidence 
bearing on the carbohydrate supply hypothesis gained from experi- 
ments of the following types : 

(1) Hie carbohydrate supply with respect to the nitrogen wa-s 
varied by regulating the pC()j“ in the air that was suiiplied to i-ed- 
clover plants, and the effect on the nodulation of the jdants was 
studied. 

(2) The level of carbohydrate in tops ami roots of clover plants 
in which the carbohydrate-nitrogen relation varied was determined 
and correlated with invasion of the jilant by bacteria and the de- 
velopment of the resulting nodules. 

EXPERIMENTAL TECHNIQUE 

CELLOPHANE CHAUBEB 

A suitable chamber for growth of plant cultures was devised, the 
details of which are shown in figure 1. The container is 20 inches 
high and 7 inches in diameter. It is covered with waterproof cello- 
phane. The tin frame is sealed to a shallow porcelain pan by calk- 
ing with plugging cotton and saturating the cotton w'ith hot paraffin. 
A tube delivers the desired air plus COj mixture to each pot after 
the mixture leaves the manifold. Details of the mechanics of mix- 
ing the gases for suitable atmospheres, filtering them, regulating 
their flow, and delivering them to the manifolds are given in a paper 
by Wilson and Georgi {W). 

The growth of the plants in this type of container is as good as 
that of plants grown in open pots in the greenhouse. The chambers 
effectively keep out gross contamination without restricting growth 
or interfering with transpiration. Diffusion of COj from a chamber 
is sufficiently slow so that concentration of this gas is higher than 
that of the surrounding air and can thus be readily maintained 
inside the container. 


f pOOi»partial prassare of COt in atmoapbete. 
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PLANT CULTURSS 

Plants of red clover {Trifolivm pratmee^ var. Mammoth) were 
CTown in sterilized half-mllon eartWware pots filled with a thin 
layer of gravel over which nitrogen-free pit sand was placed. A 25 
by 200 mm glass tube in the center of the pot served as a means of 
watering; the surface of the sand was covered with sterile cork, 
which helped to prevent contamination by algae or micro-organisms. 

The seeds were sterilized in Dakin’s solution and germinated on 
sterile moist blotters in Petri dishes after the method of Hopkins, 
Wilson, and Fred (^i ) . After the seeds had been allowed to germinate 
for 48 hours on the blotters, 10 to 12 seedlings were trans- 
ferred aseptically to each pot. The seedlings were inoculated with a 



Figubb 1. -'Detail of cellophane chambers used for srowing plant cultures. 


water suspension of a 48-h#ur culture of Rhizobhm, trifolii. Strain 
200, an effective one, was used. Loss of moisture from the pots was 
frequently checked, sterile water or nitrogen-free Crone’s (-5) solution 
being used to bring them up to weight. The nitrate nitrogen addi- 
tions were made as sterile solutions in concentrations varying from 
2.25 mg to 8.0 mg per cubic centimeter of solution. 

Carbon-dioxicfe analyses of the atmospheres inside the cellophane 
chambers were made several times a week by methods developed in 
this laboratory {16, 19, SI). Atmospheres in the CO* series were 
found to vary" from 0.1' to 0.25 percent Sunlight was supplemented 
with artificial light during the fall, winter, and early spring months, 
as well as on cloudy days. The greenhouse temperature remained at 
about 25° C. throughout all of the experimental work. 
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HABVEBTliro AND OHEEMIOAD ANAl^YSBB 

The plants were washed from the pots at the time of harvest, spe- 
cial care being taken not to lose any of the nodules. After the 
nodules had bwn counted, the tissue was dried at 88° C. for 48 hours 
and the dry weight determined. The tissue was subsequently ground 
for analysis. 

One-half of the plants used in experiments 5 to 7 were harvested 2 
hpurs after sundown, at the close of the fifth or sixth week; the re- 
mainder, 10 days later. The roots were separated from the tops and 
the wet weight of each recorded. Both were then cut up into small 
bits, care being exercised to keep the loss of plant sap to a minimum. 
The samples for analysis were weighed as rapidly as possible to 
prevent the loss of moisture. 

Total nitrogen determinations were made in experiments 1 to 4 on 
0.75-g samples, as outlined for plant tissue in the As.sociation of Offi- 
cial Agricultural Chemists’ manual (2). In the presence of nitrate 
nitrogen the method recommended by Phillips et al. {13) was used. 
Nitrate nitrogen was determined on 1-g samples of dry tissue by the 
reduction method of Sessions and Shive {15). 

In experiments 5 to 7, nitrate nitrogen was determined on 1-g 
portions of wet tissue immediately after harvest by the colorimetic 
method of Emmert {4 ) . The total soluble carbohydrate fraction was 
analyzed according to tlie procedure recommended by Loomis et al. 
(10). Beducing sugars were determined by the micromethod of 
Stiles, Peterson, and Fred (77). 

EPFECiT OF INCREASED pCO» ON NODULE PRODUCTION BY CLOVER 
GROWN IN THE PRESENCE OF COMBINED NITROGEN 

If the inhibiting effect of nitrate nitrogen on nodule production is 
correlated with the removal of the available total soluble carbohy- 
drate by the inorganic nitrogen for protein synthesis, then the in- 
hibition should be overcome if the sugar level in the plant sap is 
raised. Four experiments were made in which the pCO* in the 
atmosphere supplied inoculated clover plants furnished with various 
levels of combined nitrogen was increased in order to raise the carbo- 
hydrate content of the plant. Thus a critical test of the carbo- 
hydrate supply hypothesis could be obtained. 

EXPERIMENT 1 

These plants used in the first experiment were grown for 68 days 
in the fall of 1982. Ten milligrams of KNO» per eight plants per 
bottle were added at the start of the experiment and 10 milligrams 
weekly thereafter until the level of nitrate designated was reached. 
The fi^ experiment was the only one not carried out in cellophane 
cans; instead, open 64-ounce flint glass bottles were employed, as 
described by Wilson and Georgi {SO). Fifteen days after planting, 
COs was started through the air plus CO 2 series. 

The appearance of the tops (stems and leaves) was typical of the 
plants in subsequent expenments. The following details hold for 
all the experiments. Plants grown in a normal atmosphere were 
markedly smaller in height and leaf area than plants of the same 
NOa levd envdoped in an atmosphere of increased pCOa. The 
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color of the plants receiving nitrate nitrogen was a much deeper 
green than that of the controls (or 0-mg level), those exposed to the 
higher pCO^ being a deeper green than those exposed to the normal 
PCO 2 of the air. 

At the time of harvest the following observations were made with 
respect to nodule distribution. On the roots of plants of the 0-mg 
air series, nodules were fingerlike in shape and clustered around the 
crown of the taproot. In the 10-mg air series much the same pic- 
ture was presented, but in the 20-mg air series nodules were small 
and round, indicating the “antagonistic ” or inhibiting effect of the 
nitrate. In both the 40- and 80-mg air series, all of the nodules were 
small and round; at the latter level many plants possessed no 
nodules. In the air plus CO. series, a very different distribution 
took place. Plants at the 0-mg level possessed several very large 
fingerlike nodules on the crown of the taproot, and even the second- 
ary roots contained nodules, both round and small fingerlike ones. 
At the 10-mg level, nodule distribution was very similar to that at 
the 0-mg level, except that more small, round nodules were in 
evidence. At the 20-mg level there were very few nodules on the 
taproot, the majority being relegated to the secondary root system. 
At both the 40- and 80-mg levels, the nodules were all on the second- 
ary roots and small in size. 

Table 1 . — Effect of increased pGO, on nodule production hv red (Hover in the 
prcKc.nce of KNOt' in experiment / (SS dapn), Sep^. 28 to Xov. 25, 1952 


Treatment 

Plants 

Nodules 

Atmosphere * 

KNOi 

Total 

Dry 
weight 
per 10- 

Total nitrogen 
per 10 »— 

Total count 

Per grams 
(dry weight) 

Per 100 milli- 
grams of 
nitrogen 


MiUU 



Millie 

Per- 


Per- 

Num- 

Per- 

Num - 1 

Per- 


orams 

her 

Oramt 

grams 

cent 

Number 

cent* 

her 

cent* 

her 

cent* 



f 0 

88 

0.806 

16.8 

2.08 

121d=13. 1 

100 

150 

100 

720.2 

180 



10 

56 

.785 

17.4 

2.21 

W± 4.4 

74.4 

115 

76.7 

517.2 

71.8 

Air 


20 

55 

.724 

16.0 

2.21 

63d= 5.8 

52.0 

87 

58.0 

303.7 

54.7 



40 

60 

.654 

17.2 

2.62 

Z2± 4. 2 

26.5 

49 

82.7 

186.1 

25.8 



[ 80 

60 

,725 

10.7 

2.7! 

Zzk 1.8 

2.5 

4.1 

2.7 

15.2 

2.1 



0 

83 

1.476 

24.7 

1.68 

145d= 8. 5 

100 

08 

100 

587.0 

100 



10 

50 

1.015 

21.7 

2.14 

ni±ii.o 

76.6 

109 

111.2 

511.5 

87.1 

CO 2 


20 

77 

1.033 

21.3 

2.06 

1 90± 8.2 

62.1 

87 

88.8 

422.0 

72.0 



40 

48 

1.032 

24.7 

2.39 

51=fc 3.0 

35.2 

49 

50.0 

206.5 

85.2 



[ 80 

60 

.908 

20.2 

2.22 

33d=10.2 

22.8 

36 

36.7 

163.4 

27.8 


> 10.0 mu added weeUjr to eaoh pot; 10.0 mg added at start. 

* OOi atmosphere contained appnudmaMy 0.1S percent COt. 

* Nitrate nitrogendree. 

4 Zero-mg levu>100 percent. 

Table 1 gives the data pertinent to this experiment. There is 
marked evidence of the stimulatory effect of added CO 2 in both the 
total weight of nitrogen and in the average dry weight per 10 pl^te. 
The percentage of nitrogen is somewhat smaller in the air plus CO 2 
series than in the air, indicating that the carbohydrate r^ative to 
nitrogen is higher in plants of this series. The total count of nodmes 
per 10 plants is calculated in this table with the standard deviation. 

A comparison of the total counts shows that plants receiving in- 
creased PCO 2 always possessed a greater number of nodules than 
the corresponding plants of the air atmosphere, i. e., plants re- 
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ceivmg the same quantity of combined nitrogen. In all cases, the 
addition of NO« caused a reduction in the number of nodules^ but 
the reduction was relatively less on the plants receiving additional 
CO*. This is best brought out by comparison of the relative number 
of nodules on the plants of each NO* level with the 0-mg level 
e^ual to 100 in both the air and CO* series. In every case the rela- 
tive number of nodules in corresponding levels of NO* was greater 
in the CO* series. This shows conclusively that the reduction was 
less in the CO* series. 

In order to correct for the differences in size of plants, calcula- 
tions were made on the number of nodules per gram of dry weight 
and per gram of nitrogen. Once again, comparing the relative 
values, it is seen that the reduction in the number of nodules (be- 
cause of the presence of NO*) is relatively smaller in the CO- 
series. 

Attention is called to the fact that the absolute number of nodules 
per unit of weight or unit of nitrogen in the absence of nitrate 
nitrogen in the air series is greater, indicating that the centers of 
fixation (nodules) are more active on the plants receiving addi- 
tional CO*. This might arise from two factors: (1) Larger 
nodules, and hence a greater amount of tissue for fixation activity, 
or (2) the higher level of soluble carbohydrate that is probably 
available to the cells of the roots of the plants for tissue synthesis. 

Under “ total count ”, the stimulatory effect of the air plus CO* 
series (referred to from now on as the CO* series) over the air 
series is very marked, less so at the lower levels of nitrate. In the 
case of the highest level, 80 mg, the increase in the number of nodules 
of the CO* series over that of the air series is more than tenfold. 
The inhibitory effect of the nitrate nitrogen is evident within both 
the air and the CO* series, but it is to some extent overcome by an 
increase in pCO* furnished the plants. The same holds true for 
the number of nodules per gram of dry weight and the number i>er 
gram of nitrogen. The stimulatory effect of CO* calculated from 
the number of nodules per gram of nitrogen is marked, as can be 
seen by comparing the data shown for the two series in the last 
column of table 1. 

EXPERIMENT 2 

The plants in experiment 2 were harvested on the fifty-ninth 
day; they were grown during the winter months. The combined 
nitrogen was added as NH4NO3 to pots of 10 plants each. Tlie 
following levels were used 0, 25, 50, and 100 mg per 10 plants. No 
nitrate was added to any of the plant cultures until the seventeenth 
day, when 25 mg was added to each of the NO* pots. Weekly 
thereafter,- 25 mg was added to each of the 50- and 100-mg levels 
until the requisite quantity had been reached. Carbon dioxide was 
passed through the CO* series beginning with the seventeenth day 
of growth. 

At the time of harvest the number of nodules within each series 
was found to decrease progressively with increasing nitrate nitrogen 
in all treatments; however, the number of nodules was greater in 
the CO* series. The plants in both 0-mg series had fingerlike 
nodules near the crown of the taproot, but those exposed to increased 
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PCO2 possessed more and larger nodules, many of which were dis- 
tributed over the secondary root system. The large fingerlike nod- 
ules found on the O-mg C’O* series were colored pmk (anthocyanin 
pigments), characteristic of plant tissue exhibiting carbohydrate 
excess. In general, the effect of the NHiNOa on nodule size and 
distribution was similar to that observed in experiment 1. 

Figure 2 summarizes the essential data of experiment 2. At each 
of the nitrate levels the CO2 series had almost twice as many nodules 
per 10 plants as the corresponding air series. A decrease in the 
lotal count within each series is evident with increasing nitrate 
nitrogen. Data not included in the graph showed that there was a 
marked increase in total nitrogen and dry weight in the CO2 series, 
again almost twice that of the corresponding levels in the air series. 

Figure 3 shows the characteristic distribution of nodules and the 
types of root systems of ])lants exposed and of plants not exposed to 




Fkhjre 2.- -Kffect of increased pCOa on nodule production by red clover in the presence of NHtNOa, 26 
mg being added to each pot at the start and 26 mg weekly; experiment 2 (59 days), November 20, 1932, 
to January 18, 1933. A and J5, lotal count of nodules; B and nodules per gram of dry weight; Cand 
F, nodules per gram of nitrogen. In i), and F, the 0-mg level ”100 percent. 


an increased partial pressure of CO.,. In each part of the figure the 
2 plants shown on the left were taken from the air series and the 2 
on the right from the COo series, llie number, size, and distribution 
of nodules on the roots of the plants of the 2 different atmospheres 
and the 4-NO3 levels are similar to those described previously and 
to those observed in subsequent experiments. It will be noted that 
the root systems are very much denser where the pCO^ of the atmos- 
phere surrounding the upper part of the plant is increased. 

EXPERIMENT a 

The inorganic nitrogen source in experiment 8 was NH4NC)3, all 
of which was added at two levels of nitrate nitrogen (50 and 100 
mg per 10 plants per pot) at the start of the exi>eriment. The 
plants were grown during the spring of the year and were harvest^ 
when they were 50 da.ys old. CO^ was first passed through the CO2 
series 4 weeks after planting. 
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The results of this experiment were very similar to those of the 
preceding experiments ; that is, the number of nodules decreased with 
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FiouRS 8.— Nodule distribution on roots of plants. These photographs are typical of plants of all four 
series, 0-ing level (.4) and 25-mg level (B) are from experiment 2; 60-mg level (C) and 100>mg level (B) 
are from experiment 3, Note that the plants receiving increased pC O? pretient a striking degree of nodu- 
lation even though the nitrate nitrogen level has exceeded the critical concentration believed to be in- 
hibitory under ordinary atmospheres. In each photograph plants grown in air are shown at left and those 
in air plus COa at right. 
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FiouBB 4.— Effect of increased pCOi on nodule production by red dover In the presenoe of NH«NOs, 
which was added to all pots at the start; experiment 3, (50 days) April 7 to May 27, 1938. A and B, total 
count of nodules; B and E, nodules per gram of dry weight; C and F, weight of nodules per 10 plants. 
In D, M, and F the 0-mg level»100 percent. 

an increase in the NO, concentration and there was a markedly 
stimulating effect on nodule formation v^ith increased pCO„ with a 
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decided tendency for the nodules to be distributed over the secondary 
root s^j^stem in the latter instance. Many of the plants at the 100-mg 
level in both series possessed no nodules, generallv fewer being pres- 
ent on the roots of the 100-mg air series. In this experiment dry 
weight of nodule was determined; the data are summarized in 
figure 4. Both number and weight of nodule were greater on the 
plants given increased COg. 

EXPERIMENT 4 

Experiment 4 was conducted during the summer months for a 
period of 62 days. NH4NO3 at three levels — 0, 50, and 100 mg — was 
employed; 25 mg were added at the start and 25 mg weekly there- 
after; Passage of CO2 was begun 21 days after the beginning of 
the experiment. 


Table 2. — Effect of increased pCO^ on nodule production hy red clover in the 
presence of in experiment 4 (^2 days), July 5 to Sept 5, 19S3 


Treatment 

Plants 

Nodules 

Atmosphere > 

NH 4 NO 1 

Total 

Dry 
weight 
per 10 

Total nitrogen 
per 10* 

Total count 

Per gram (dry 
weight) 

Per 100 milli- 
grams of ni- 
trogen 


Mini- 

Num- 


MUli- 

Per- 

Num- 

Per- 

Num- 

Per- 

Num- 

Per- 


grams 

ber 

QraiM 

grams 

cent 

ber 

cent * 

ber 

cent * 

ber 

cent < 


I C 

50 

0.668 

18.80 

2.82 

1.56 

ICO 

234 

100 

820.7 

100 

Air 

{ 50 i 

65 

.931 

29.34 

3. 15 

126 

81 

135 

57.7 

420.4 

51.8 


( 100 

70 

.889 

37. 10 

4.17 

13 

8.3 

14.6 

6.2 

35.0 

4.2 


1 0 

50 

1.024 

27.82 

2.72 

164 

100 

160 

100 

589.5 

100 

CO| 

\ 60 

80 

1. 612 

85. 64 

2.36 

302 

1S4 

200 

125 

487.4 

143.7 


1 100 

84 

1.845 

54.25 

2.94 

92 

56 

60 

31.2 

169.6 

28.8 


' 25 mg. added at start; 26 mg. added weekly. 

> COa atmosphere contained approximately 0.15 percent COj. 

> Nitrate nitrogen>free. 

* 0-rag level «-100-porcent. 

The nodule distribution was the same as in previous experiments. 
The complete data given in table 2 confirm the results of the other 
experiments in showing that with increased added combined nitro- 
gen the percentage of nitrogen increased, the percentage of nitrogen 
was lower for a given treatment in the COo series, and the inhibition 
of nodule formation both with respect to*^size and number was not 
so marked in the CO2 series. 

The plants of the 50-mg level of the CO2 series were much larger 
than those of the 0-mg level of the same series. This stimulation 
of growth by the added combined nitrogen was accompanied by a 
marked increase in the number of nodules. It sliould be noted that 
with a similar increase in the size of plants (dry weight) in coire- 
sponding plants of the air series there was a decrease in the number 
of nodules. 


EFFECT OP INCREASED pCO, ON 
TENT OF INOCULATED CLOVER 
NITROGEN 


SOLUBLE CARBOHYDRATE CON- 
PLANTS FURNISHED COMBINED 


The hypothesis, that the inhibitory effect of com^bined nitrogen on 
invasion of the plant and nodule development results firom a decr^se 
in the level of carbohydrate in the plant; is based on the assumption 

34114 — 85—8 
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that the combined nitrogen reduces this level by using it in protein 
synthesis. This assumption appears reasonable, but the necessary 
supporting data are meager. Strowd (18) and Orcutt and Wilson 
(IS) have demonstrated that the addition of combined nitrogen 
reduces the carbohydrate content in the sap of the soybean as well 
as the number of nodules. 

The explanation of the data obtained in experiments 1 to 4 would 
appear to rest on the increased carbohydrate level in the plant given 
added CO». Five experiments were made to determine the quantita- 
tive nature of this assumed increase; only three repiesentative ones 
will be discussed at length. 


EXPBRIMENT 5 

The plants used in experiment were grown during the fall of 
1933. The combined nitrogen was added weekly after the first 19 
days of growth in the following order for Ihe r>0-ing level: 5, 10, 7.5, 
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Figure 6.— Effect of increased pOOi on nodule production (A and E), percentage of nitrogen (If and F), 
invert sugar in tops and roots (Cand Cf), and inorganic (NOa) nitrogen (i> and //) In red clover grown in 
the presence of Ca (N 03)2 in experiment 6; first harvest is shown in A to D and second harvest in i?to IJ. 


10, and 17.5 mg of Ca(NOa)«, the last amount being added on the 
forty-second day of growth, or 13 days before the first haiwest. For 
the 100-mg level, there were added weekly after the first 19 days, 
10, 20, 15, 20, and 35 mg per 10 plants per pot. 

At the firet harvest the clover plants were 55 days old ; at the 
second, 65 days old. CO 2 was first passed through when the plants 
were 21 days old, those of harvest 1, CO-j series, being exposed to 
COa for 34 days and those of harvest 2 for 44 days. 

The inhibitory effect of Ca(N08)2 on nodule pi-oduction with the 
pptial effectiveness of CO 2 is demonstrated in figure 5, A and E. 
The percentage of nitrogen is lower, generally, m the CO 2 series 
than in the air series; with increasing nitrate nitrogen, the iwr- 
centage of nitrogen likewise increased in both series. 

With increasing nitrate nitrogen concentration, the level of soluble 
carbohydrate tended to fall off in both roots and tops. A higheir 
level Of sugar in the sap of plants grown in increased pCO^ is strik- 
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ingly illustrated. The nitrate nitrogen concentration within the 
plant increased but not proportionately to the quantity added to 
the substrate. Here the plants of the (Xlj series showed less nitrate 
nitrogen in the plant sap than those of the air. 


EXPERIMENT 6 


Experiment 6 was conducted in the spring. Half of the 
CalNOa)! of the two nitrate levels was added at the time of plant- 
ing, the rest, i. e., 25 and 50 mg, was added to the 50- and lOO-mg 
levels, respectively, 23 days later, thereby making all of the com- 
bined nitrogen present 31 days before the first harvest. 

At 64 days, harvest 1 was made, and at 61 days, harvest 2 ; CO 2 
was started 23 days after planting. 

The data in this experiment, given in figure 6, bear a marked 
similarity to those of experiment 5 (fig. 5). There is a tendency 
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Figure 6. 
invert sugar 
in the presence 
toH. 



for the number of nodules to decrease at increasing levels of nitrate 
nitrogen, and again the CO 2 series maintains a higher margin than 
does the air senes at the three NOa levels. This is more marked in 
the second harvest than in the fi^t. The percentage of nitrogen 
increases with added combined nitrogen and is always higher in 
the air series for a given level of combined nitrogen. The 
sugar decreases with inci'easing NOa concentration, again a higher 
level being maintained by the CO 2 series. 

The nitrate nitrogen in the plant sap increased with the concen- 
tration, as would be expected, analysis of the CO 2 series indicating 
that less existed there than in the air series. This increase was 
much more marked in the top portions of the plant in this experi- 
ment than in those of experiment 5. For some unknown reason, in 
harvest 2, the CO 2 roots possessed a greater quantity of nitrate 
nitrogen than the corresponding air series. This is the only instance 
in which such a discrepancy occurred. 
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EXPEBIMENT 7 

Because of the limited number of cellophane cans, it was necessary 
to employ fourteen 12-1 pyrex bottles in order to carry on this ex- 
periment simultaneously with the preceding one. Tne technique 
was varied somewhat in that 20 seeds were planted per bottle and 
consequently the nitrate nitrogen level had to be raised ih order to 
have nitrate present in the same proportion that it was when 10 
plants per pot were used. The levels chosen were 100 and 200 rag 
per 20 plants per bottle. The system of growth employed was simi- 
lar to that described in a previous publication (W) for 64-ounce 
glass bottles. Carbon dioxide determinations were made colori- 
metrically in small flasks suspended permanently in each bottle {16). 

The experiment was carried on in the spring. The Ca(N08)s was 
added in two portions, one-half at the time of planting and the 
remainder at the close of 22 days. 



Figure 7.— Effect of increased pCOa on nodule production (^4 and JB?), percentage of nitrogen (B and F), 
Invert sugar in tops and roots (C and G), and Inorganic (NO3) nitrogen (Z> and H) in red clover grown 
in the presence of Ca (N03)2 in experiment 7; first narvest is shown in AXo D and second harvest in E 
to H. 

Harvest 1 was made when the plants were 43 days old and harvest 
2 a week later. CO 2 was passed through after 22 days of growth. 

The data are presented in figure 7. The general tendency is very 
similar to that of the preceding two experiments, except that the 
soluble sugars of the roots of the CO 2 senes of botn harvests exceed 
those of the tops of the air series of the same harvests. T his is 
believed to have been caused by the lack of CO 2 in the air series. 
As these plants grew larger, it was found increasingly difficult to 
supply them with the requisite quantity of CO 2 because of the rapid 
assimilation, even though adjustments were frequently made to 
supply them at increased rates of gas flow. 

The data are not complete because of the lack of root tissue in the 
air series of both harvests, hence there are no curves for the air roots 
in the percentage nitrogen or nitrate nitrogen determinations; all of 
the tissue was used for the carbohydrate determination and even that 
proved insufficient for the first harvest. The number of nodules de- 
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creased with increasing nitrate nitrogen concentration. This was 
especially true of the CO2 series, which is contrary to the results of 
previous experiments. However, the nodules on the plants given m- 
creased COs were much larger than those in the corresponding series 
given air. The percentage of nitrogen again is higher in the aiy 
series than in the CO2 series. The soluble sugars decreased as in 
previous experiments, the CO2 series maintaining a higher level in 
the sap of both tops and roots. The nitrate nitrogen in the sap in- 
creased with an increase of NO2 in the substrate, fee air series indi- 
cating much more present than the CO2 series. 

DISCUSSION 

The quantitative data presented in this paper substitute experi- 
mental evidence for sonae of the assumptions on which is based the 
hypothesis that inorganic nitrogen reduces nodule formation in legu- 
minous plants by decreasing fee carbohydrate supply. Before dis- 
cussing the interpretation of the data in relation to this hypothesis, 
it may be well to summarize fee salient facts of these experiments. 

(1) It an inoculated clover plant is furnished combined nitrogen, the number 
and size of the nodules decrease ; with increasing quantities of nitrogen, the 
development of the nodules is inhibited to the vanishing point. 

(2) Coincident with this antagonistic effect of combined nitrogen on nodule 
formation may l)e noted: {a) an increase in the percentage of nitrogen (nar- 
rowing of the carbohydrate-nitrogen relation in tlie plant) ; (b) a decrease in 
the quantity of soluble sugars in the sap; (o) an Increase in the inorganic 
(nitrate) nitrogen. 

If plants receiving combined nitrogen in quantities sufficiently large to inhibit 
or to suppress nodule formation are furnished an atmosphere containing in- 
creased OOo, the foregoing resiJonses are modified considerably. 

(3) The invasion of the plant and the development of the nodules are greatly 
stimulated by increased COi so that the inhibitory effects of the combined nitro- 
gen can be partially but not completely overcome. This beneficial effect on 
nodule formation may be demonstrated by using the following criteria of nodule 
production either on an absolute or on a relative basis: (a) Number of nodules 
per plant, (b) number of nodules per gram dry weight of plant, (c) number of 
nodules per gram nitrogen of plant, (d) dry weight of nodules per plant. 

(4) Accompanying the beneficial effect of increased CO* on nodule formation 
in the presence of combined nitrogen are: (a) A decrease in the percentage of 
nitrogen in the plants indicative of a widening of the carbohydrate-nitrogen 
relation obtaining therein; (b) an increase in the total soluble sugars in the 
sap, i. e., for a given level of combined nitrogen nutrition, plants supplied with 
increased 00a will have a higher content of carbohydrate; (c) a decrease in the 
level of inorganic nitrogen in the plant. 

These results supply the needed experimental basis for the carbo- 
hydrate-supply hypothesis, and in a general way substantiate this 
explanation of the combined nitrogen effect. Qualitatively, the data 
show that if combined nitrogen is supplied to inoculated le^minous 
plants, the level of a soluble carbonydrate and the C : IST relation 
decrease coincidently with a decrease in nodule development. If the 
level of carbohydrate and the C : N relation are kept from changing 
in the presence of added combined nitrogen by increasing the plants 
photosynthetic activities, the inhibitory effect of the combined nitro- 
gen can be partially overcome. It ^ems reasonable to suppose, then, 
that there is an intimate interrelationship between the carbohydrate 
supply, the nitrogen nutrition, and the formation of nodules. 

Quantitatively, the data suggest that this interrelationship is not 
the sole factor that conditions the response of the nodules to the 
presence of combined nitrogen. This is brought out ip experiments 
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5 to 7. Althouj^h, as figures 5 to 7 show, the presence of combined 
nitroMn results in a decrease in the soluble sugar content of the sap, 
the observed decrease does not appear to w suflSiciently large to 
account for the striking reduction in the number and size of the 
nodules. It is realized that the figures for the individual determina- 
tions are subject to daily and even hourly variations ; hence, conclu- 
sions must he based on a fairly large number of samples. The nu- 
merous analyses made in this study as well as those on soybeans pre- 
sented by Orcutt and Wilson (IS) consistently show that although 
a definite reduction in sugar takes place in plants furnished com- 
bined nitrogen, the observed decrease does not appear to be sufficient 
to account completely for the accompanying reduction in number 
and size of the nodules. 

In view of the relatively greater effect of combined nitrogen in 
decreasing development of nodule tissue than in decreasing the car- 
bohydrate level in the plant sap, an explanation of the reduction of 
nodules by nitrates based solely on decrease in soluble carbohydrate 
appears inadequate. The following alternative explanations are 
available : 

(1) The carbohydrate level in the plants, especially in the roots, 
is in equilibrium with the requirements of host and bacteria, and 
any change in the available supply results in a decrease below which 
normal growth cannot occur; a small decrease in the available carbo- 
hydrate may result in a large decrease in the development of nodular 
tissue. This view has been stressed by Allison and Ludwig (7), but 
no data are available that directly supjmrt the a,ssumption. Until 
more definite information is obtained, judgment with respect to the 
adequacy of this explanation must he reserved. 

(2) A second explanation that might be suggested is that the 
soluble carbohydrate figures are only a rough indication of the total 
supply of energy and building material, and that although nitrate 
reauces this supply quite markedly, there is a tendency for the sol- 
uble fractions to remain more or less constant. Lacking definite 
information with respect to which type« of carbohydrates are impor- 
tant in this connection, the required analyses would have to include 
all forms — a laborious proceeding. This idea, however, can be tested 
in a general way by regarding the percentage of nitrogen in the 
plant as an inverse measure of total carbohydrate and determining 
whether or not plants given both GO 2 and combined nitrogen re- 
spond with respect to total carbohydrate and nodule production as 
do plants grown in air. To decide this question, the data from 10 
experiments were combined and the correlation coefficients between 
number of nodules and percentage of nitrogen were determined. 


Tabls] a . — Correlation coeffloienta between number of nodules and percentage of 

nitrogen 


Item 

r 


Proba- 
bility * 

n-3 

Recipro- 

oal 

Remarks 

OOi 

Air 

DiiTerence — 

-0.6896 

-.6666 

-0. 8472 
-.7940 

<0.01 

<.01 

45 

42 

0.0222 

.0237 

Definite negative correlation In 
> both series; dltference not 
significant. 

0.0582:^0.214 

Sum 0.0459 


1 For < test see Fisher <5. eh. S-T). 

• FrobabUlty that observed correlation arose through random sampling. 
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The coefficients, given in table 3, show that there is a decidedly 
significant inverse correlation between percentage of nitrogen and 
number of nodules, or a direct correlation between total carbo- 
hydrate and number of nodules. Moreover, the difference between 
the plants supplied with increased COa and those given normal air 
is not simificant, indicating that these two populations belong to^ 
gether. It is therefore concluded that, insofar as these data can 
supply an answer, nodule production varies directly with total car- 
bohydrates, and the response is consistent irrespective of the treat- 
ment. It is reali^d that this conclusion cannot be regarded as 
final, since both variables (total carbohydrates and nodules) were 
crudely measured; possibly data concerned with various forms of 
carbohydrate and with weight or vohime of nodules will supply a 
definite answer. 

(3) Finally, the data are not inconsistent with the view that 
there is a specific effect of the combined nitrogen ion. Reference 
to figures 5, 6, and 7 shows that coincident with the increase in 
.soluble carbohydrate and number of nodules, there occurred a de- 
(!rease in the concentration of the NOs in the sap of plants given 
additional CO-j. It is possible that the NO3 exerts a specific effect 
in addition to or independent of its indirect effect in lowering 
available carbohydrate. 

SUMMARY 


The inhibitional effects of combined nitrogen upon nodule pro- 
duction by inoculated I'ed clover plants can lie partially overcome 
by increasing the carbohydrate synthesis in the plant; that is, by 
supplying inoculated plants given combined nitrogen with addi- 
tional CO2. 

Cotincident with overcoming this inhibition there occurs: (1) a 
rise in concentration of the soluble carbohydrate in the sap, (2) a 
decrease in the percentage of nitrogen (widening of the C : N rela- 
tion), and (3) a decrease in the concentration of combined inor- 
ganic nitrogen in the sap. 

These responses are discussed with reference to their bearing on 
the theory that the inhibitional effects of combined nitrogen depend 
on the influence of the latter on available carbohydrate. 
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THE RELATION OP FOLIAGE COLOR TO APHID RESIST- 
ANCE IN SOME VARIETIES OF CANNING PEAS' 


By Ed M. Sbarls 

AB8iBtani profesBor of economic entomology ^ WiBConsin Agricultural Experiment * 

Station 


INTRODUCTION 

Foliage color of canning peas varies between varieties, and occa- 
sionally within varieties, from a deep green to a light green which 
closely approaches yellow. As the writer has pointed out,^ certain 
varieties of canning peas (Pisum saiivum L.) vary widely in the degree 
to which they are damaged by the pea aphid (Illinoia pisi (Kalt.)) 
during seasons of severe infestation. In such years a constant rela- 
tion has been observed between color of foliage and the reaction of 
the plant to insect injuiy, resistance being associated with yellow in 
the foliage and susceptibility with green. This paper reports the 
results of a study made to obtam evidence concerning this apparent 
relation between resistance and foliage color. A number of crosses 
were made between yellow- and green-foliaged varieties and the prog- 
enies studied. In this paper plants with green foliage are referred 
to as ^‘green’^ and those with yellow foliage as “yellow.^^ 


MATERIALS 


Three varieties of canning peas. Yellow Admiral, Perfection, and 
Onward, were used in this study. Yellow Admiral was selected be- 
cause of its distinctly yellowish foliage and its observed resistance to 
aphid attack. This variety has a tml vine with long, slender inter- 
nodes and small leaves. Perfection, which is very susceptible, is a 
deep-green dwarf pea with short, thick intemodes and large, fleshy 
leaves. Onward resembles Yellow Admiral in foliage color and resist- 
ance, and Perfection in habit of growth. In 1931 these three varieties 
were hybridized with each other, maldng all possible combinations. 
The first generation of each cross was grown in the greenhouse during 
the winter of 1931-32. The second generation was grown, with 
woven-wire fences as supports, in the field in 1932. The entire popu- 
lation from each cross was grown on a separate fence, and the indi- 
viduals were evaluated whenever possible as to height and color. The 
F 2 progeny of the Yellow Admiral-Perfection cross was s^arated into 
three classes — tall green, tall yellow, and dwarf green. The F 2 pro^ 
eny of the Yellow Admiral-Onward cross also contained both tall and 
dwarf plants that were distinctly green, although the foliage of both 
parents was yellow. Therefore four classes were separated from the 
F 2 population of this cross — tall green, tall yellow, dwarf ^oen, and 
dwarf yellow. Two classes were selected from the Onward-Perfection 
cross — dwarf green and dwarf yellow. Seed saved from individual 
plants in each class was planted in 1932 for F 3 progeny tests. 
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It was not possible to determine the number of individuals in each 
class from each cross in the F, population. Many of the plants be- 
came infested with a virus disease which caxised a chlorosis of the 
plants and rendered normally green plants quite indistinguishable 
from yellow ones. 

In a sulffiequent cross between Yellow Admiral and Onward it was 
foimd that in the F, population of 164 individuals, 90 were tall green, 
33 were tall yellow, 26 were dwarf green, and 15 were dwarf yellow. 
DWarf is a simple recessive to tall, but the fact that yeUow and green 
are distributed in approximately a 3:1 ratio in each of the height 
classes may be merely a coincidence. Green |>lants predominated in 
a cross involving two yellow strains, thereby indicating that foliage 
color may rest upon a complex genetic basis. Soinewhat arbitrary 
distinctions as to color value are necessary in classifying an entire 
population in this way since there are at present no satisfactory 
methods of evaluating foliage color under field conditions. Many 
plants were found the color of which was intermediate between the 
colors of the parents. These were not used since they could not be 
assigned either definite or comparative values. 

Ft progenies were not used in aphid-resistance tests but were grown 
for increase and further elimination of lines segregating for vine height 
and foliage color. The Fg progeny test was made in 1 933 upon dwarf 
plants which had been carefully selected in the F 4 for uniformity of 
height and color. 

PROCEDURE 

In testing the Fg populations each class from each cross was planted 
in a solid block. When the plants were about 3 inches high they were 
dusted with nicotine dust to remove any aphids that might be present 
and were then given a imiform aphid infestation. The aphids used 
for this purpose were reared on a susceptible strain of peas grown in 
greenhouse flats. These aphids had been brushed from the plants to 
the soil periodically. In crawling back to the plants they tended to 
distribute themselves uniformly among the plants. Aphid-laden 
plants were cut off at the ground and methodically placed upon the 
te st p lants. 

When the plants were in full bloom a scries of four aphid counts 
was made. This was done by bending the top 5 inches of elii^ of 
10 plants over a metal contamer, knocking the aphids off into the 
container, and coimting them. At the time the counts were made 
many tall and green families of the Fg were still producing dwarf 
and yellow plants. For this reason, only plants typical of tne class 
in which they grew were selected for apmd counts. 

Only dwarf families were used in the Fg test. Each family was 
planted in 3 rows 5 feet long, 8 inches apart, and IS inches from the 
next nearest family. The families were planted on August 1, 1933, in 
3 groups of 14 families to each. Each ^oup extended east and west 
and each family extended north and south. Plantings of parent 
Perfection stock were made at irregidar intervals to serve as checks. 
The groups were lettered alphabetically, beginning at the north, 
while the families were numoered 1 to 14 banning at the east. 
Fasces 1 and 14 were border families and were not used. These 
families were inf^ted as heretofore except that aphids were removed 
from the susceptible plants by means of a small cwtnel’s-hair brush 
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and placed upon the leaves of the test plants. Sixteen aphids of 
all ages were thus placed upon each row at regular intervals. 

Four aphid counts were made at 2-daj intervals after the plants 
were in full bloom. In order to standardize the procedure the five 
plants growing at the south end of the eastern row of each fau^y 
were cut off at the ground, all aphids were shaken from the plant 
into a metal container, and the aphids counted. The next five plants 
were taken for each succeeding count. 

EXPERIMENTAL RESULTS 

Table 1. — Number of aphids occurring on green, as compared mth yellow segregates 
in third^generation selections ^ Madison^ Wis.f 1932 


OOH-? 


Perfeplion X Yellow Admiral... 

Onward v Yellow Admiral.!... 
Perfeetl'm X (‘nward 



Infestation tier 

10 Fa plants 

Type i f F 2 secre^ate 

... . 





Sept. 22 

Sept. 24 

Sept 26 

Sept. 28 

Tall green 

644 

760 

1,360 

1,933 

^Tall yellow 

121 

107 

144 

196 

Dwarf green 

634 

358 

1,936 

2,800 

Tall green 

I 384 O 

970 

1,384 

2,024 

{Tail yellow 

97 

366 

294 

288 

(Dwarf yellow' 

282 

668 

776 

1,512 

iDwaif green 

5,746 

5,040 

7,680 

10,524 

iDwarf yellow 

1,268 

688 

720 

2,080 


In the results of the F 3 test, given in table 1 , the classes are arranged 
in couplets. Thus in the Yeflow Admiral X Perfection hybrids the 
tall green class differs from the tail yellow class chiefly in color. 
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As previously stated, resistance tests were not made with F4 
progenies, but Fs progenies which appeared to be fixed for color 
and vine height were subjected to aphid mfestation in 1933. In table 
2 the infestations of the yellow progenies, the green progenies, and 
the Perfection check rows are listed separately, also. 

In figure 1 the comparative rate of increase and niunber of aphids 
per five plants on yellow and green plants are shown. A statistical 
treatment of the data is given m table 3. 

The data show that in all cases the green plants were more heavily 
infested than the comparable yellow plants. Thus in table 1 the 

APHIDS PEP S PLANTS (NUMBOt) 



tall green class from the Yellow Admiral X Perfection cross had about 
10 tunes as many aphids on September 28 as the tall yellow plants. 
A comparable difference was observed between the tall green and the 
tall yellow classes from the Yellow Admiral X Onward cross. The 
only direct comparison possible between dwarf green and dwarf 
yellow classes is in the progenies from the Perfection X Onward 
cross. Here there were about 6 times as many apUds on the dwarf 
green plants as on the yellow at the end of the experiment. It should 
be noted again that only plants at the obvious extreme of either 
green or yeflow were used in this study. 

(The tmrd-generation results show clearly that resistwce to aphids 
is heritable and is associated closely with the expression of y^ow- 
colored foliage. Green progenies from a cross between Yellow Ad- 
miral and Onward, two yellow varieties, were as susceptible m any 
comparable green varieties, while the yellow progenies were resistant. 
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Table 3. — Statisiical treatment of data in table i ehowing means, standard deviation, 
difference between means, standard error of the difference, and ratio of UMer two 
to each other, Madison, Wis., 19SS 


Date 

Green 

Yellow 

Mean of 
xreen 
minus 
mean of 
yellow 

Standard 

error 

Critical 

ratio 

Mean 

Standard 

deviation 

Mean 

Standard 

deviation 

Sept 12 

Sept. 14 

Sept 16 

Sept 18 

1.286.6 
2, 301. 4 
6,011.2 
9,767.2 

642.4 

1. 294. 3 
2,631.7 

3. 701. 3 

1,086.4 
1,834.2 
4,378 6 
6,356 7 

647.1 

840.6 

2,069.1 

2,009.8 

200.2 

467.2 

1. 632. 6 

3.411.6 

223.9 

398.4 

870.8 

1.504.4 

1.17 

1.86 

2.27 


There was considerable variation in the number of apliids which 
developed upon the different progenies within each class, as shown 
in table 2. In every case, however, the mean infestation on the 
green class was higher than the mean on the comparable yellow 
class. The acceleration of aphid numbers was also much greater 
on the former than on the latter (fig. 1). 

Figure 1 sums up the differences in resistance between plants of the 
two foliage colors. All of the families dealt with mature at about the 
same time and, in the absence of aphids, produce satisfactory yields 
of peas. Owing to the absence of some factor in the green peas or the 
presence of some factor in the yellow peas, or vice versa, the aphids 
increased to lethal numbers on the green peas before they did in the 
yellow peas. These data indicate that in this instance the intensity 
of aphid population at which well developed plants were perma- 
nently wilted was about 3,000 aphids per plant. Eventually the 
yellow peas were destroyed also by an aphid population which ap- 
peared about as intense as that at which the green plants were 
destroyed, although no counts were made after September 18. This 
would indicate that the number of aphids which cause permanent 
wilting is about the same for both classes and that actual resistance 
rather than tolerance or avoidance is the cause of the slower accelera- 
tion of aphid numbers upon the yellow plants. The practical differ- 
ence in resistance between the two hybrid groups worked with might 
be expressed in this difference in time in which the two groups are 
destroyed. If there were so few aphids that the ween peas could 
produce a satisfactory crop before being destroyed there would be 
no practical difference in the expression of resistance. If the infes- 
tation were so severe that the yellow plants were also destroyed 
before producing satisfactorily, there would again be no practical 
difference. When the intensity of ^hid population is such that the 
green peas are destroyed while yellow peas produce a satisfactoiy 
crop under comparable conditions because of the slower acceleration 
of aphid numbers, then there is a practical difference which may be 
expressed either in terms of relative acceleration of aphid numbers 
or in days elapsed between dates on which the critical intensity of 
population is reached on the different groups. This difference may 
be attributed toi some factor for resistance in the yellow varieties. 
Figure 1 shows this difference. The acceleration of aphid numbers 
on the yellow plants was so much slower than on the green plants 
that many of the yellow families produced peas of canning size before 
they were destroyed, whereas none of the green families produced 
any usable peas. All of the green families had been destroyed 
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within a few days after the last infestation was determined. The 
yellow segregates lived several da 3;8 longer. It is plainly evident 
that, with the same initial infestation, the aphids reached destruc- 
tive numbers on the green plants more quickly than on the yellow 
plants. 

Figure 1 also shows the acceleration of aphid numbers upon the 
check plants. Here it is quite obvious that the parent stock was 
even more susceptible than the segregates with apparently sii^arly 
colored foliage. The difference is not great, however. The green 
segregates were d^troyed within a few days after the green parent. 

The difference in acceleration of aphid reproduction on the two 
classes is again shown in table 2. Here it is plain that in each instance 
the yellow plants were more resistant than the green, as is evidenced 
by the differences in the mean gain on comparable dates, the cumu- 
lative difference in the gain in numbers on the green as compared 
with the yellow, and the range of aphid number on one class as corn- 
par^ with that on the other. The critical ratio, as shown in the 
statistical treatment of the data (table 3), increased each time the 
counts ■were made. 

SUMMARY AND CONCLUSIONS 

The object of this study was to learn more about the observed 
resistance of certain varieties of canning peas to the pea aphid and 
the apparent relation between resistance to aphid attack and color 
of foliage. 

Three varieties of canning peas, Yellow Admiral, Onward, and 
Perfection were hybridized with each other making all possible com- 
binations. Perfection, which is susceptible, has dark-green foliage 
while that of the resistant Yellow Admiral and Onward is a light 
green which closely approximates yellow. Yellow Admiral has a 
tall habit of growth. The other two varieties are dwarf. The 
offspring were classified in the F 2 as to height of vine and color of 
foliage. Color variation in the progenies was continuous and only 
those w'hich were obviously either yellow or green were used in the 
subsequent tests. Third-generation families of the different classes 
w'ere grown in solid blocks and artificially infested with aphids when 
about 3 inches high. Four aphid counts were made from each class 
at 2-day intervals after the plants were in full bloom. These counts 
showed that classes wdth green foliage were susceptible and that those 
with yellow foliage were resistant in both classes of vine height. 
Fifth-generation dwarf families were tested as the third generation 
had been, except that each family was tested separately. All tie 
yellow families in this test w'ere resistant while the green families 
were susceptible. 

The tests have shown that, among the families examined, those 
with yellow folit^e were resistant to the pea aphid while those with 
grem foliage were susceptible. Since this relation has held through 
succeeding generations, it is assumed that resistance and suscepti- 
bility are inherited with the yellow and the green foliage color respe^ 
tivefy. In eveiy instance the plants were artificially infested with 
the same number of aphids. The ensuing aphid population is, 
therefore, an expression of ability to resist the attack of the insect 
rather than an instance of tolerance or avoidance. 




EARLINESS OF SEXUAL REPRODUCTION IN WHEAT AS 
INFLUENCED BY TEMPERATURE AND LIGHT IN RELA- 
TION TO GROWTH PHASES' 


By H. H. McKinney, senior p(a}wlogitt, and W. J. Sando, associate agronomist, 
Division of Cereal Crops ana Diseases, Bureau of Plant Industry, United States 
Department of Agricvlture 

INTRODUCTION 

This paper deals with temperature and the photoperiod in relation 
to ^owth phases, earliness of sexual reproduction, and seasonal growth 
habit of the common wheat plant. In addition data are presented 
on the effects of two typos of electric light used to lengthen the nat- 
ural day in relation to the time of sexual reproduction and the number 
of seeds produced. 

Part of the data here presented support portions of a note {25) * and 
of a previom paper (27) by the writers. 

REVIEW OP LITERATURE 


So far as the writers are aware, Adams (2) was the first to point 
out the importance of temperature in relation to the daily photo- 
period in regulating the time of sexual reproduction in wheat. He 
claimed that these two factors are interchangeable. While the 
results of his tests suggest a compensatory relationship, they do not 
prove the point, since temperature was not varied concurrently with 
the length of the daily photoperiod. He obtained his different 
temperatures by conducting the tests during different periods of the 
year. The following year Adams (3) continued his study of temper- 
ature and the photoperiod, but he carried out no e^eriments with 
wheat that gave evidence on the interchangeable relationship between 
temperature and the photoperiod. 

Enomoto (9) conducted experiments that showed the importance 
of both temperature and the photoperiod in relation to earliness in 
wheat and barley. The writers (25) presented brief data on temper- 
ature and the photoperiod and indicated their compensating rela- 
tionship with respect to earliness in wheat. Maximov (31) indicated 
the same relationship with respect to wheat in a statement, but he 
presented no data. Hurd-Karrer (19) has shown the influence of 
temperature and the photoperiod on a spring wheat and of the 
photoperiod on a winter wheat. Several workers have studied 
temperature (17, 21, 22) and the photoperiod (8, 10, 13, SO, 4^) 
independently in relation to the development of the wheat plant. 

The majority of the environmental studies that have been conducted 
under controlled conditions have been managed so as to maintain as 
nearly constant conditions as possible throughout all the growth 

* Reoeived for publtoation Juno l, 1935; issued Decem^r 1935. 

» Reference Is made by number (italic) to Literature Cited, p. 639. 
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phases of the plant, little or no attention being given to special 
requirements of the plant at different stages of development. This 
is the orthodox method, and while it is reasonably^ satisfactorj; for 
the study of certain types of plants such as the spring cereals, it is 
not satisfactory for many important studies on such plants as the 
winter cereals. 

The literature shows that the temperature relations of the growth 
phases in winter cereals, especiaUy the stimulating influence of low 
temperature druing early ^rmination on subsequent earliness in 
winter wheat, were recognized many years ago. However, this 
knowledge was not widely accepted, and it appears that these rela- 
tionships have been lost sight of and rediscovered several times 
since the first record. 

The writers (Z7) pointed out that Klippart (23, p. 757) knew before 
1867 that low temperatures applied to germinated seed induced winter 
wheat when sown in the spring to mature and produce a good crop. 
Recently Martin ’ pointecl out that this phenomenon was noted m 
winter wheat as early as 1837 by a ^ower in New York (1), but as 
irregular heading was reported by this grower it is apparent that the 
time of exposure to low temperatures was too short or that gennina- 
tion was incomplete during the period of low temperatures. In 1850 
Allen {4tP‘ 1^8) made a similar report in his book, but he thought 
germination imnecessary before chilling. He was not aware that 
germination had started in the soaked seeds held near freezing. 
!l^ppart’s report indicates that he bad a better understanding of 
the importance of germination and of the exposure time than did 
those before him, but he and those before him did not seem to under- 
stand that freezing temperatures are less effective (27) than tempera- 
tures slightly above the freezing point. Recently this and other 
methods of accelerating sexual reproduction have been designated 
in Russia b^ the term “iarovization”, meaning vernalization, the 
English equivalent. Literature and experiments on this subject 
are dealt with in other papers * (6, 26, 28, 44)- 

HeUl'iegal (16), working with barley advanced beyond the early 
germination sta^e, concluded that this plant has a lower optimum 
temperature during the tiller-formation phase than during the stem- 
elongation phase. Gassner (15), Maximov and Pojarkova (33), 
Pojarkova (37), and Papadakis (35) concluded from experimental 
data that earliness in winter wheat is favored when low temperatures 
obt^ during the seedling stage and when higher temperatures obtain 
during the later stages of growth. 

In studies on the photoperiod Wanser (43) concluded that the 
several growlh phases of the plant have different lengtli-of-day re- 
quirements. Rasumov (39) studied the influence of short days 
followed by long days, long days followed by short days, continued 
short dam and continued long dara on earliness in millet, spring 
oats, and spring barlej, and he conducted field plantings with spring 
wheats. No tests with winter wheat were reported. With millet 
Rasumov found earliness of sexual reproduction favored equally by 
the continued short day and by 10 short days followed by 6 long 
days. His data on oats and barley show that the constant long days 

* HAMtatt /. H. ueotxzahon ik fuld fbacticx. U. S. Dept. Agr.» Bur. Plant Indus. 13 pp. ' 1934. 
(Mlmeofcraphed.! 

4 ]l4artln, J. H. See footnote 3, 
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favored eariiness. A test carried out by Hurd-Karrer (18) indicated 
that a short day followed by a long day favored early jointing in 
Turkey winter wheat. The writers (IS5) presented prelumnary data 
showing that early sexual reproduction in winter wheat is favored 
by an initial exposure to short days followed by long days. Maximov 
(SI) drew the same conclusion W presented no data. In a later 
paper sxunmarizing work on temperature and the photoperiod, Maxi- 
mov (SS) erroneously stated that the writers (S7) found that shorten- 
ing the day at the h^her temperatures during the first week of growth 
made it po^ble for winter cereals to fruit the first year. The writers’ 
studies indicate that an exposure of but 1 week is too short to induce 
more than an exceedingly ^ht acceleration of eariiness in the winter 
wheats studied. Forster et al. (10) conclude that an initial short day 
hastens maturity in winter wheats. 

In addition the environmental studies made under controlled or 
semicontrolled conditions, there have been a number of stupes based 
on date-of-seeding tests in the field, a few of which are cited (5, 
11,H,U,S6). 

METHODS AND TERMINOLOGY 

The experiments were conducted during the winter and spring 
seasons in culture chambers or in greenhouses, and some tests were 
conducted outdoors during the summer. The plants were grown in 
good soil in earthen pots 8 inches in diameter. Each pot supported 
two plants. Care was exercised in maintaining uniform soil moisture 
throughout a given test by frequent applications of water. 

In certain tests the seeds of Harvest Queen winter wheat were 
germinated and chilled at 26° to 32° F. in a dark mechanical refrig- 
erator for several weeks before planting, as indicated. 

Days longer than the natural day were obtained by means of 
electric lamps turned on at sunset. Except when otherwise stated, 
the electric source consisted of Mazda C tungsten lamps which gave 
an intensity ranging from 20 to 40-foot candles at the soil line. The 
length of the natural dav was taken as from middawn to midtwiligbt, 
an mcrease of 1 to 1% hours over a natural day length taken as from 
sunrise to sunset. Days longer than the natural day were computed 
from middawn. The 8-hour day started at 8 a. m. and ended at 4 p. m. 

The initial growth jihase of winter wheat, which, undw cultural 
conditions, takes place in the autumn and winter, has commonly been 
referred to as the rosette phase or as the resting or dormant stage. 
However, it has been pointed out that this is not always a true resting 
stage and that a resting or a dormant condition during eariy growth 
is not essential for sexual reproduction in winter wh^t (10, #). 

These conclusions are borne out by the writers ’ studies. In r^ons 
of very cold winters the plants are dormant during the winter period, 
but at Rosslyn, Va. (near Washington, D. C.), growth continues 
slowly throughout the winter except in an occasional year when 
there may be a short dormant penod. In tiiis paper this stage is 
referred to as the “leaf-and-intemode-formation phase”, and tiie 
term is applied to winter and sprii^ varieties. HeUri^al (16) usra 
a rimilar terminology for barley. The so-called jointing stage u 
designated the “stem-elongation phase.” 
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All data on eatliness are based on the date when the tip of the head 
reached a point as high as the^ ligule of the flag leaf. Fertilization 
occurred 2 to 4 days after heading. 

Further details on methods are taken up throughout the paper under 
the several experiments. 

EXPERIMENTAL RESULTS 

TEMPERATURE AND THE PHOTOPERIOD IN RELATION TO THE GROWTH PHASES 
AND SEXUAL REPRODUCTION 

During the winter of 1928-29 a test was conducted with Harvest 
Queen, a t^ical winter wheat. Plantings were made in a greenhouse 
with germinated seeds that had been held in a refrigerator for 67 
days at 30° to 35° F. Unchilled germinated seeds were planted as 
controls. Some of the plants were exposed to the natural day, which 
ranged from 11 hours at the beginning of the test to 15 hours at the 
end, and others to a long day, ranging from 16 to 17 hours. Mazda 
C tungsten lamps were used for supplementing the natural day. The 
temperature of the greenhouse was usually about 55° to 65° F., 
though on bright days the temperatures went higher.* 

Table 1 and figure 1 show that of the plants from the chilled seedlings, 
those under the long day headed first; of the plants from the unchilled 
seedling, those under the short day headed mst; under both the long 
and the short day, the plants from the chilled seedlings headed 
earlier than the plants from the unchilled seedlings. This tost shows 
the stimulating influence of low temperatures during early germina- 
tion, in the absence of light^ on subsequent earliness of sexual repro- 
duction in long days with high temperatures. 

Table 1.* — Period from planting to first heading in Harvest Queen wheat as influx 
enced by chillina in darkness during germination and by the length of the photo^ 
period after chilling in comparison with plants from seed not chilled before planting 


[Soed was planted Dec. 18, 1928] 


Length of dally photoperiod after planting 

Germination tempera- 
ture 30® to 35® P. for 
67 days in darkness, 
fdlowed by 55® to 65® 

Germination tempera- 
ture 70® F. for 4 days 
in darkness, followed 
by 55® to 65^ 

Period from 
planting 
to beading 

Tillers per 
plant when 
intemodes 
started to 
elongate 

Period from 
planting 
to heading 

Tillers per 
plant when 
internodes 
started to 
elongate 

Hours 

Days 

118 

66 

Number 

5.1 

2.9 

Days 

125 

128 

Number 

12.2 

12.9 

16 to 17 



Since the length of day in the short-day series was 4 hours shorter 
during earl^ growth than during later development, it seemed probable 
that this initial short da^ was a factor in the earlier heading noted in 
the plants from the unchuled seedlings. The following winter this rela- 
tionship was studied further with Harvest Queen winter wheat and 
Purplestraw, a facultative wheat.* As stated in a note {25), a 7- 

* This statement was inadvertently omitted in a previoos publication (f7). 

* The writ^ have discussed the basis of distinction between spring, facultative, and winter varieties of 
wheat in another publication (87). 
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to 8-hour day during the early development of the plant favored 
earliness slighUy in Harvest Queen, but this short day retarded 
heading slightly in Purplestraw. 

During we same winter another test was carried out with Harvest 
Queen wheat and with Marquis, a spring wheat. The seeds were 
germinated but not chilled before planting. Some of the plants of 



Fipdrs 1,— Hairest Queen winter-wheat plrats: A and C, f™® 

In the dark for 67 days; B and D, from seeds that were not ohUM; ^ and B, grown with a dauy pnoio 
period of 11 to IS hoars; Cand B, grown with a dally photoperiod of 18 to 17 hours. 


each variety were grown at low temperatures in plmit-culture ch^- 
bers during the first 54 days, and later they were given high growmg 
temperatures in a greenhouse. Other plants of each vane^ were 
grown at high ■ temperatures in a gree^ouse throughout tM ^t. 
Short, medium, and long days were maintaihed durmg the nrst 54 
days at the low and high temperatures (table 2). 
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Table 2 and figures 2 and 3 show that the longest days at the high 
temperatures fjram the beginning of growth induced the earliest headi^ 
in Marquis spring wheat (46 days) and the latest heading in Harvest 
Queen winter wheat (155 days). The shortest days at the low tem- 
peratures during the first 54 days induced the earliest heading in 




Fioinw 2.-Mar<juto si^;vhoat plants (table 2): A,B, and C, Grown in a greenhouse at temperatures 
av^ghiff near TOT to 75<* F. and above: D. E. and >. nvown fn & rnitnM 
hdlowed by temperatures i 



vjr i«wii|iarai.uTe9 uear mr mr io oays 

® tor drstW days: B a«« ^ A/uvwjjonvua w uvun jquk iot nrei. 

&olSerioii£ri7^to?a how ^ ^ subsequfiit dally 
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Hairvest Queen (88 days) and the latest heading in Marquis (88 
days). Fertilization started 2 to 4 days after heading in both varie- 
ties. These resiUts, like Ihose of Gamer and Allaxd (IS), indicate 
that Marquis spring wheat is a long-day plant with respect to earliness 
of sexual reproduction. 



l<jouR£ 3.— Harvest Queen winter-wheat plants (table 2): A, B, and C, Grown in a greenhouse at tern* 
j^tures averaging near to 75® P. and above; D, JB, and P. grown in a culture chamber near 51® tor 
^ days, followed by temperatures near 50® for 18 days, fdilowea by 70® to 75® and higher; A and Z>, with 
dailv photoperiod 8 hours long for first 54 days; B and B, with daily photoperiods 12 to 14^$ hours long 
for first 64 days; Cand P, with daily photoperiods 16H to 17H hours long for first 54 days; subsequent 
daily photoperiois, 17^1 to 19 hours. 


It is evident from the data and the illustrations that the ^ort days 
and the low temperatures during early growth (the leaf-and-internoae- 
formation phase), followed by the longer ^ys and higher tem^a- 
tures, favored the earliest sexual reproduction in the winter variety, 
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thus indicating that the early growth phase has different temperature 
and photoperiodic optima from tiiose of the subsequent growth 
phases. 

Tablb 2. — Heading time in Marquis spring wheat and Harvest Queen winter 
wheat as influenced by low and high growing temperatures and by shorty medium, 
and lopg daily photoperiods during the first §4 days, after which all plants receivea 
high temperatures and long days as indicated 


[Seeds were soaked and germinated for 2 days before being planted Feb. 13, 1930] 



Temperature, 51® F. for 36 
days; then 59® for 18 days: 
subsequently 70® to 75® and 
above | 

Temperature, 70® to 75® F. for 
54 days; subsequently 70® 
to 75® and above 

Variety and photoperiod < 

Period 
from 
soaking 
of seed to 
heading 

TiUers 
per plant 

Heads 
per plant 

Period 
from 
soaking 
of seed to 
heading 

Tillers 
pet plant 

Heads 
per plant 

Marquis: 

Days 

Number 

Number 

Days 

Number 

Number 

8 hours. 

88 

14.5 

8.0 

78 

8.5 

4.0 

12 to 1494 hours 

83 

8.5 

6.2 

76 

12.5 

4.0 

16H to 1794 hours 

65 

8.2 

7.2 

46 

4.5 

4.0 

Harvest Queen: 

8 hours 

88 

17.7 

4.2 

*107 

19.2 

4.7 

12 to 1494 hours 

95 

22.5 

5.2 

*134 

21.2 

2.0 

1694 to 1794 hours 

*114 

22.5 

4.7 

*155 

22.5 

3.0 


> After 54 days all daily photoperiods were maintained at 1794 to 10 hours. 

> Many of the tillers on these plants did not head, but this condition was less marked than in the plants 
designated In footnote 3. 

> All plants were very vegetative and beading was slow, requiring 50 to 60 days for completion in the 
case of some plants. On Aug. 15 some plants still were producing tillers that were jointing and heading. 

It was not possible to include simultaneously a series of tempera- 
tures and photoperiods held constant or nearly so during the life 
cycle to serve as additional controls in this experiment. However, 
other tests have been carried out with Harvest Queen and similar 
wintOT wheats grown constantly near 60° F. and also at temperatures 
between 60° and 75° in constant long days and in constant short days. 
In all instances, more than 100 days to more than 200 days elapsed 
from planting to heading and fertiuzation. Tests of Hutcheson and 
Quantz (;8f), Klages (88), and Hurd-Karrer (77, 19) also show that 
heading in winter wheat is relatively slow when the temperature re- 
quirements of the growth phases are disregarded. 

An exjieriment was conducted with Harvest Queen winter wheat 
during midsummer with daily photopmods of 8, 15, 18, and 24 hours. 
Each photoperiod remained un<diai^ed throughout the test. The 8- 
and 15-hour days comprised sunlight only, whereas the 18- and 24- 
hour days comprised simlight for 15 hours and electric light from 
Mazda C tungsten lamps for the rem^der of the photoperiod. The 
seeds were soaked in water and ^rmineted before plantmg, but they 
received no low temperatures. The plants ^ven 18 and 24 hours of 
light daily headed 129 and 110 days, respectively, from the time the 
seeds were placed in water. No heads were produced by plants given 
8 and 15 hours of light daily up to the time the test was terminated 
on November 11 — 178 days from the beginning of the test. 

These results by tiiemselves would lead to the conclusion that 
winter wheat is a lypical long-dav plant with respect to early sexual 
reproducticm, as was conduoed by Forster et al. (10) from similar 
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tests, and by Hurd-Karrer and Dickson (iO) from tests (1&) conducted 
in a cool CTeenhouse during the winter. However, in table 2 it 
be noted ^t Harvest Queen headed in 88 days when the plants were 

g own with a daily photoperiod of 8 hours at low temperatures fol- 
wed bv long photoperiods at high temperatures. TW heading 
was 22 days earlier with this treatment than it was when continuous 
light and high summer temperatures obtained from germination to 
heading. 

Under the conditions of Hurd-Karrer’s (J9) test, flowering started 
in Turkery winter wheat 188, 165, and 132 days from plantoig when 
grown with daily photoperiods of 8, 9K to 15, and 17 hours, respec- 
tively, and with the temperature held at 12®±1° C. throughout the 
test. With the same strain of Turkey the writers (£7) foimd that 
flowering started 113 days from planting when moderately low tem- 
peratures and short days preceded higher temperatures and the long 
day. In later tests, this strain of Turkey started to flower 105 days 
after planting, when the temperatures and exposure periods were 
nearer their optima. Other varieties of winter wheat have been tested 
and found to head and flower sooner when suitable low temperatures 
and short days were followed by suitable high temperatures and long 
days. 


The results of more than 500 dissections of many varieties of winter 
and spring wheats indicate that the first signs of differentiation of the 
floral organs become evident soon after we last leaf primordium is 
differentiated, and that <he internodes of the stem start their major 
elongation a little before or simultaneously with the differentiation of 
the floral organs. 

The number of leaves and stem internodes formed by a shoot in 
winter wheat as well as in spring wheat (£7) is influenced by tempera- 
ture and tlie photoperiod. Harvest Queen wheat has produced as few 
as 7 internodes^ per shoot when fuDy germinated seeds were first 
chilled for 67 days in darkness and subsequently grown with continu- 
ous %ht at summer temperatures. Heading started 33 days after 
the completion of the chilling process. As many as 22 intemodes per 
shoot have been produced by tins variety when the seed was not chiued 
and when the plants were grown in uninterrapted light at warm tem- 
peratures, and under these conditions heading started 110 days after 
planting. Simil ar results were obtained when a continuous 8-hour day 
and warm temperatures were maintained from the beginning of ger- 
mination. In field culture Harvest Queen has been observed to form 
12 or 13 leaves and internodes on the primary stalk. When small 
numbers of internodes are formed inost of them elongate, but when 
large numbers are formed many fail to elongate appreciably. The 
early cessation of the formation of leaf piimordia in Harvest Quwn 
wheat does not take place during the exposure to the low growing 
temperatures and short days, but during the subsequent exposure to 
the high temperatures and long days. , . 

To classify accurately varieties of wheat with respect to thw 
earliest sexual reproduction in relation to temperature and phot<> 
period it is necessary to determine the optimum temperatures and 


IngtbalMVM. 


a, and Umbc were deteminad by oolln^ 
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optimum photoperiods for the formation of a reduced number of stem- 
intemode primordia, the early differentiation of the floral primordia, 
the rapid elongation of the intemodes, and the rapid development of 
the floral organs and maturity. It seems reasonable to beheve that 
ultimately a graphic representation of the optimum temperature 
and photoperiod characteristic of a given variety of winter wheat can 
be expressed in the form of more or less smooth gradient curves. How- 
ever, until more perfect methods are available, approximations must 
suffice. 

In view of the evidence based on present methods for approximating 
these optima, it seems justifiable to conclude that Harvest Queen, 
Turkey, and simila,r winter wheats are not typical long-day plants 
with respect to their earliest sexual reproduction, but are wbat may 
be termed short-day-»long-day plants, and they may be considered 
as low-temperature->high-temperature plants. This method of 
expression indicates that the temperature and the photoperiod must 
increase with the development of the plant in order to mduce early 
sexual reproduction. A sinular situ ation seems to apply to the faculta- 
tive varieties and to certain late varieties commomy placed in tlic 
spring group {27), but in these the initial optimum temperatures are 
higher or the periods of exposure to low temperatures are sliorter tlmii 
is me case with the strictly winter varieties (;?7). 

None of the above tests was planned for yield determinations. 
However, tiller counts are recorded in tables 1 and 2 and head counts 
in table 2. Conditions favoring oarliness favored a reduction in the 
number of tillers. Observations indicated that Mwquis produced 
larger and more completely filled heads when the initial temperatures 
were low. In Harvest Queen the plants receiving the initial low 
temperatures with the initial 8-hour day produced an average of 75 
seeds per plant, and these plants wore similar to the average Harvest 
Queen plant grown in the field. Although no seed counts were made 
on the remaining Harvest Queen plants, it appeared from observations 
that the greatest number of seeds was produced by the plants receiving 
the initiu low temperatures with the medium length of day, and these 
plants were considered to exceed the normal. The continuous high 
temperature and the initial long day at the initial low temperatures 
favored a large number of tillers in Harvest Queen, but the few heads 
produced were relatively small and poorly filled and the plants were 
decidedly abnormal in all respects in comparison with the field type. 

MISCELLANEOUS TESTS RELATING TO CHILLING OF SLIGHTLY GERMINATED SEED 
Darkness v. Light During Chilling Period 

An experiment was carried out to determine if darkness during the 
chilling treatment has any stimulating influence on subsequent earli- 
ness. Germinated seeds of Turkey winter wheat were chilled for 61 
days at 38° F. Some of the seeds were in total darkness and others 
received daylight. After chilling, growth continued outdoors at 
summer temperatures with a daify photoperiod of 17 to 18 hours. 
The plants from seed chilled in daynght headed 47 days after planting, 
and those from seed chilled in darkness headed in 49 days. From 
these results it seems evident that the low temperature is the stimulat- 
ing agent for subsequent early heading. 
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IMPORTANCE! OF MoiSTUBB AND GERMINATION DCBINQ ChILUNG PERIOD 

An experiment was carried out with dry and with moist ungermi- 
nated seeds, with seeds that were germinated and then dried and with 
seeds that were germinated and kept moist during the process of chill- 
ing. All seeds were chilled for 65 days near 34° F. After being chilled 
the seeds were planted with an uncmUed control at temperatures near 
70° to 75° and photoperiods that raided from 16 to 18 hours. 

Plants from dry seeds, whether germinated or not, and from un- 
chilled seeds had produced no heads when the test was discontinued 
150 days after i)lanting. Plants from seeds that were germinated and 
kept moist during the chilling process headed in 45 days. The plu- 
mules and radicles of seeds kept moist but not germinated before the 
beginning of the chilling process were showing slight activity at the 
end of the chilliim treatment. Plants from these seeds started to head 
in 135 days, but heading was irregular. 

Stage op Development of the Seed 

A test was carried out with Harvest Queen seed in the soft-doudi 
stage and in the hard-dough stage and with completely ripened seed 1 
year old, to determine whether Tow temperatures during germination 
stimulate subsequent early heading in plants from seeds in the soft- 
dough and in the hard-dough stage. All seeds were first germinated 
at 60° F. and then chilled near freezing for 72 days. After chilling, 
growth continued at 68° to 90° with a daily photoperiod of 16 to 171^ 
hours. Plants from seed in the soft-dough stage headed in 43 days, 
those from seed in the hard-dough stage headed in 45 days, and those 
from the old seed headed 43 days from the date of planting, thus show- 
ing that seed in the soft-dough and hard-dough stages reacts efficiently 
to the chilling treatment. This permits a more rapid increase of 
winter-wheat populations in genetic work. 

Earliness and Tiller Reduction 

When germinated seeds have been chiUed sufficiently, several tillers 
ultimately joint and produce heads relatively quickly at suitable tem- 
peratures and day lengths, thus indicating that the fxmction altered 
by the low temperature is not confined entirely to the plumule (pri- 
mary shoot). 

It was thought that the effects of chilling on early stem elongation 
and heading at high temperatures might be due directly to the reduc- 
tion in the number of tillers, which is correlated with the early head- 
ing of plants from chilled seedlings. If this were true, another 
method of reducing tillers might accelerate stem elongation and head- 
ing. To test this theory, several Harvest Queen plants from unchilled 
seedlings were grown outdoors durag the summer of 1931. Some of 
these plants were allowed to grow in the usual manner, whereas others 
were not allowed to produce more than one shoot each, all extra 
shoots being cut from the plants as soon as observed. The single 
shoots developed very long, wide dark-green leaves and very large 
stems, in comparison with Ae unpruned plants. However, the fact 
that pruning aid not stimulate early heaffing indicates that the re- 
duced tillering in plants from chilled seedlings is not the direct cause 
of early heading. 
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Looauzation of thb Rbgiok pr thb Functional Chanobs Inducbo by Low 

Tbmpbbaturbs 

In an attempt to localize the region in which the functional changes 
occur at low temperatures, seeds of Kanred winter wheat were ger- 
minated until the roots were 2 mm long; the roots and plumules 
were then cut off before the initiation of the chilling process, care 
being taken to remove the tips and as much of these oi|;ans as possi- 
ble without total destruction of the embryo. These and immutilated 
seedlings were chilled near freezing in the dark for 65 days. At the 
completion of the process the seedhngs were given continuous light at 
70° to 80° F. All the mutilated seedlings headed at the same time 
as the immutilated controls. It is evident, therefore, that the active 
region in question is not confined to the apical regions of the seminal 
roots, the coleoptiie, or the first leaf. It is also apparent that this 
active r^on is not confined to the endosperm, because under field 
conditions at the Arlington Farm the endosperm frequently is com- 
pletely absorbed in eariy autunan before the onset of cold weather, 
and under these conditions the winter wheat plants mature normally 
the following summer. 

INFLUENCE OP INTENSITY OP LIGHT PROM TUNGSTEN LAMP 

Since the Mazda tungsten lamp is commonly used for lengthening 
the natural daj, a test was conducted to determine the influence^ of 
intensity of this artificial source of light during the winter and spring 
months. Marquis, Siberian No. 1, and Romanov spring wheats were 
used. Each variety was grown in earthen pots 8 inches in diameter, 
each pot containing two plants. The pots were placed in 3 parallel 
rows 12 feet long on a bench in a small glasshouse, pots containing 
plants of the same variety being placed in the same row. 

Two 150-watt Mazda C tungsten lamps in a large reflector were 
placed at one end of the bench but not directly over the first pots. 
The plants farthest from the lamps, therefore, received less light at 
night than those nearest the lamps. The lamps were turned on at 
sundown and off at sunrise each day during the test, after which day- 
light only was provided, giving the plants a continuous exposure to 

The intensity of the light from the lamps was determined during 
the night at three distances above each pot in the center row, as in- 
dicated in table 3. The test plate of a Macbeth iUuminometer was 
held at right angles to the shortest distance between the light source 
and the center of the plate. Owdng to the shape of the lamp reflector 
and to shadows from mtervening plants, the intensities reduced more 
rapidly than is provided for in uie inverse-square-distance law. 

Care was exercised in maintaining a uniform temperature near 70° 
F. throughout the experiment by means of oscillating fans. As spring 
advanced there was a rise in temperature outdoors, but the uniform- 
ity of the temperature was maintained throughout the greenhouse. 
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Tabls ^.---Influence of intensity of Mazda C tungsten lamps on S varieties of 
wheat when grown near 70^ F. during the short days of winter, the tungsten source 
being used from sunset to sunrise, making eordinuous illumination 


[Test started Dec. 6, 1931] 


Pot no. 

Intensity of lamps at 
indicated heights 
above soil line over 
each pot in center row 

Heading time 

Culms per plant 

Average Anal height 
of plants 


4 

18 

28 

Sibe- 

rian 

Mar- 

Roma- 

Sibe- 

Mar- 

Roma- 

Sibe- 

Mar- 

Roma- 


inches > 

inches* 

inches* 

No. 1 

■juju 

nov 

No. 1 

quis 

nov 

No.l 

quis 

nov 


Fwd- 

Foot- 

Foot- 




Num- 

Num- 

Num- 





cawtUt 

candles 

candles 

Days 

Days 

Days 

ber 

ber 

ber 

Inches 

Inches 

Jnehes 

1 

76.3 


272.5 

39 

48 


3 

8 

6 


26 

31 

2 

66.7 

63.0 

93.7 

42 

51 

50 

4 

14 

12 

22 

28 

31 

3 

38.1 


38.1 

43 

51 

61 

5 

10 

9 

21 

26 

31 

4 

25.1 


22.9 

42 

51 

52 

5 

11 

7 

21 

27 

31 

6 

20.0 

9.0 

15.3 

43 

53 

53 

4 

10 

9 

23 

23 

34 

6 

8.7 


7.0 

45 

52 

56 

5 

9 

12 

17 

28 

29 

7 

6.8 

4.3 

5.4 

45 

53 

53 

4 

10 

12 

19 

28 

37 

8 

5.8 


4.0 

50 

63 

63 

6 

18 

11 

22 

28 

87 

9 

4.5 

1.2 

3.4 


64 

64 

8 

11 

12 

27 

25 

39 

10 

3.6 

.7 

2.8 

52 

69 

69 

9 

8 

8 

21 

31 

42 

11 

3.1 

.65 

2.4 

59 

76 

76 

16 

10 

7 

27 

32 

43 

12 

2.5 

.5 

2.0 

69 

91 

91 

14 

11 

10 

34 

33 

45 


> When this readiag was made the plants did not cast a shadow on adjacent plants. 

> When this reading was made the plants ranged from 20 to 28 inches tall, and the test plate was shaded 
by adjacent plants except in the case of the first plant in the row. 

> Whan this reading was made the test plate was not shaded by adjacent plants. 

The data in table 3 show that earliness was favored by the more 
intense light. In general, the differences in response of the plants 
became most evident when the light intensity at 28 inches above the 
soil line during the night period reached two foot-candles and less. 
Siberian No. 1 produced the least number of tillers near the lamps 
and the greatest number when at the ^eatest distance from the 
lamps. Tillering in the other varieties did not vary appreciably as 
the light intensity was varied. The final height of the plants was 
greatest in plants farthest from the lamps. Romanov, with slight 
exceptions, showed the most consistent gradual increase in height as 
the ught intensity was reduced. 

Leaf and straw sizes were greatest when the supplementing light 
intensity was reduced. The leaves averaged five-sixteenths of an inch 
wide by 11 inches long near the lamps and one-half of an inch wide 
by 18 inches long farthest from the lamps. The largest nodes on 
plants near the lamps averaged 0.107 inch m diameter, whereas th<Me 
of plants growing farthest from the lamps averaged 0.175 inch in 
diameter. 

Romanov and Marquis heads did not fill well, whereas Siberian No. 
1 filled well in all intensities of light. Many heads on Marquis plants 
contained but two or three kernels. 

The most rapid stem elongation occrirred in the plants that were 
first to head (fig. 4), but the plants that headed last continued their 
growth for a longer period and at maturity were much taller than 
the ones that headed first (table 3). 













Figure 4.— Romanov sprliw wheat grown near 70® F. with uninterrupted light durina the winter and early 
spring months. Mazda C tungsten lamps were turned on at sunset and oft at sunrise; durim the day all 
pmts received equal intensities of sunlight; during the night different plants received ditierent inten- 
sities of light. Pots A, B, and C correspond to pots 1, 6, and 12 in table 3. 
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Although the intensity of the supplementing ligh t, influences 
earliness and other responses of the plant, the data presented indi- 
cate that changes did not become marked until the light intensity 
had changed to a relatively great extent. This is borne out also 
in Gamer and Allard’s {12) and Shirley’s (41) studies with several 
species, and in Hurd-Karrer and Dickson’s (20) studies with wheht. 

The Mazda C tungsten lamp was compared with summer sunikht 
in a test with Marqms spring wheat. This variety was grown with a 
daily photoperiod of 16 hours outdoors during midsummer. One 
series received direct sunlight alone and another received 8 hours of 
direct sunlight supplemented by 7 hours of %ht from a Mazda C 
tungsten lamp dehvering 8 to 10 foot-candles at the soil line. 

Plants receiving full sunlight produced 14.2 tillers per plant and 
headed in 50 days, whereas those receiving both sunlight and electric 
light produced only 7.3 tillers per plant and headed in 46 days. 

It seems likely that a reduction in the light intensity during part of 
the day, as well as the spectrum characteristic of the Mazda C tung- 
sten lamp, caused the rapid completion of the vegetative period and 
sexual reproduction in this test. This lamp is especially strong in the 
yellow, orange, r§d, and infrared (7). Yellow, orange, and red have 
been reported to favor rapid development in certain plants (34, 38). 

The retarding influence of bright sunlight on plant growth has been 
obse^ed by others (40, 41)- In the writers’ tests, reducing summer 
sunlight to 41.3 percent reduced the heading time in Marquis to 50 
days as compared with 55 days in unobstructed sunlight. Reducing 
the light to 27.9 percent increased the heading time to 58 days, and 
no heading took place when the intensity was reduced to 11.5 percent. 
The stems elongated most slowly in imobstructed simlight, but the 
heads were more numerous and better filled than in the shaded series. 
Temperatures were equalized by means of fans. 

COMPARISONS BETWEEN TUNGSTEN LAMP AND COOPER-HEWlTT WORK 

LAMP 

Tests were carried out for the purpose of comparing clear Mazda C 
tungsten lamps with a Cooper-Hewitt mercury-arc lamp having a 
lead-glass tube 60 inches long, as sources of light for lengthening the 
autumn and winter days. 

The Mazda C lamp, as stated above, is especially strong in the 
infrared, red, and yellow, whereas the Cooper-Hewitt lamp emits 
yellow, green, blue, and violet, the rod and orange being absent. 
The foot-candle intensities of the lamps were determined by means 
of the Macbeth illuminometer. Special screens were used in the 
illuminometer to procure this information for the Cooper-Hewitt 
lamp. Of the two factors (0.2 and 0.6) recommended for computing 
the foot-candle intensity of the Cooper-Hewitt lamp, the former was 
used. 'Two tungsten Wlbs were used in white reflectors in order to 
obtain a uniformity of light distribution approaching that of the 
Cooper-Hewitt lamp. The plants received 8 hours sunlight and 8 
hours artificial ligh t daily. Temperatures ranged from 68° to 77° F. 

Marquis sprii^ wheat and Harvest Queen winter wheat served 
as test plants. Both chilled and unchilled seeds of Harvest Queen 
were used. 



Figure 6.— >1 and C, Marquis spring wheat; B and A Harvest Queen winter wheat from chilled seeds. 
A and B, grown with 8 hours of daylight and 8 hours of light from the Cooper-Hewitt mercury-^ lead- 
glass-tube lamp daily; C and A grown with 8 hours of daylight and 8 hours of light from the Mazda G 
tungsten lamp daily. 

It will be noted in table 4 and figure 5 that the tungsten source had 
a greater accelerating influence on the time of heading than did the 
Cooper-Hewitt lamp, but more tillers were produced under the Cooper- 
Hewitt lamp. Seed yields were not obtained, as mice destroyed some 
of the h6a<&, but observations indicated that more heads and more 
seeds per head were produced in the plants grown under the Cooper- 
Hewitt lamp. 
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Mason (SO), working with the date pahn, observed that the Mazda 
lamp favored the pushing of the leaves from the growth center, 
whereas the Cooper-Hewitt lamp had an inhibiting influence. 

Table 4. — Period from lalaniing to heading aa influenced by the Mazda C tungsten 
lamp and the Cooper-aewitt mercury-arc lamp with lead-glass tube, when used 
to supplement sunlight ' 

IPlanted Sept. 19, 1030] 


Variety and treatment of germinated seed 

Maeda C 
tungsten 
lamp (44.7 
foot- 
candles) 

Cooper- 
Hewitt 
lamp (69.7 
foot- 
candles) 

Marquis: 

not chilled 

Days 

50 

50 

(>) 

Days 

81 

85 

(») 

Uarvest Queen: 

Seed chilled for 66 days 

Seed not chilled — 



1 Lamps operated 8 hours before sunrise, followed by sunLght alone for 8 hours. Temperatures ranged 
from 08® to 77® F. 

» There was no sign of stem elongation at the end of 90 days. 


Seed yields were obtain^ in another test, however. Marquis 
spring wheat and five varieties of winter wheat from chilled seedlings 
were grown in a greenhouse near 70° to 75° F. during late autumn and 
winter. For the first 36 days the natural photoperiod of about 11 
hours was maintained. After this period uninterrupted light was 
provided. In one-half of the series, day%ht was supplemented with 
artificial light from the Cooper-Hewitt work lamp; in the other half, 
Mazda C tungsten lamps were the supplementary somce. ^ The 
lamps were turned on at sui^et and off at sunrise. The light inten- 
sities in both tests were maintained as nearly as possible at 60 foot- 
candles at a i>oint midway between the soil and the top of the plant. 

In table 5 it will be observed that when the Cooper-Hewitt lamp 
was used the seed yield was increased in all varieties except White 
Winter. The White Winter plants were less uniform in their growth 
than the other varieties, and this may account for their response. 
There were not many plants in the winter varieties, but there was a 
reasonably large number in Marquis. 


Table 6. — Seed production as influenced by the Mazda C tungsten lamp and by 
the Cooper-Hewitt mercury-vapor lamp with lead-glass tube * 

[Seeds were planted Oct. 13. 1931] 



Plants under— 

Heads produced under— 

Seeds per head produced 
under— 

Variety 

Mazda 0 
tungsten 
lamp 

Cooper- 

Hewitt 

lamp 

Mazda C 
tungsten 
lamp 

Cooper* 

Hewitt 

lamp 

Mazda C 
tungsten 
lamp 

Cooper- 

Hewitt 

lamp 

Harvest Queen 

Number 

2 

Number 

2 

Number 

10 

Number 

7 

Number 

10.9 

Number 

18.8 

Crimean.. 

2 

2 

10 

8 

9.6 

16. 5 

Mlnhardi 

2 

2 

8 

7 

16.7 

19.4 

White Winter 

2 

2 

11 

10 

13.7 

ia9 

Sol 

2 

2 

7 

10 

5.29 

18. 5 

Marquis 

20 

20 

28 

29 

1.35 

2.93 







* During the first 36 da>T8 the natural photoperiod obtained, after which uninterrupted illumination was 
provided, the augmenting sources operating from sunset to sunrise. 

84114— .86 6 
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The follovnog winter another test was carried out with Fi plants 
from winter-wheat crosses. The germinated chilled seeds were 
planted in the greenhouse. The temperatures were about 70° to 
75° F. and the daily photoperiod was about 16 hours. Mazda C 
tui^t^ lamps were used after sunset. This photoperiod was 
maintained imtil the flag leaves appeared, when the series.was divided 
into two groups of 16 plants each. Each ^up contained exactly 
the same progenies, and the plants were selected for uniformity of 
development. One group was placed under tungsten lamps and the 
other under the Cooper-Hewitt lamp combined with tungsten lamps. 
The light intensities m this test were maintained as nearly as possible 
at 120 foot-candles at a point midway between the soil and the top 
of the plant. The plants received full daylight. The lamps were 
turned on at sunset and off at sunrise. 

Seed counts were made on the primary head of each plant. The 
16 primary heads under the Cooper-Hewitt and Mazda C lamp com- 
bination produced 314 seeds, and the 16 primary heads under the 
Mazda C lamps produced only 216 seeds. The number of seeds per 
head ranged from 16 to 22 under the combined lamps and from 10 
to 17 under the Mazda C lamps. 

Veiy poor seed sets have been obtained when wheat plants begin to 
head in December and early January. Even when the day was 
lengthened artificially, the heads were frequently poorly developed 
and fertilization usually was not normal. Tests carried out in reduced 
sunlight in midsummer give similar results, thus indicating that the 
low intensity of daylight may be the chief cause of the poor heads in 
midwinter. All evidence seems to indicate that the success of a long 
day in which artificial light is used depends to a large extent on the 
amount of sunlight available. 

CONCLUSIONS AND SUMMARY 

Sexual reproduction in the spring wheats and in the winter wheats 
is not dependent on a critical temperature or a critical photoperiod, 
as this process occurs over very wide ranges of these factors. How- 
ever, the time when sexual reproduction occurs is greatly influenced 
by the temperature and the pnotoperiod. 

The proper classification of wheat varieties with respect to their 
temperature and photoperiodic characteristics for the earliest sexual 
reproduction is dependent on methods that make it possible to deter- 
nune the optimum conditions of temperature and the photoperiod 
for the rapid completion of each growth phase, from the be ginning 
of growth through sexual reproduction. 

Spring wheats such as Marquis and earlier varieties complete their 
life cycle quickly when given a long day and temperatures at 70° F. 
or above throughout the life cycle, and therefore are considered to be 
typical long-day high-temperature plants. On the other hand, 
Harvest Queen, Turkey^ and other varieties of winter wheat complete 
their life cycle most rapidly when given a short day and low tempera- 
tures during the early stages of growth and a long day and high 
temperatures during the later stages of development. 

In the light of these relationships the writers conclude that winter 
wheatfi are not typical long-day plants but are what may be termed 
8hort-day-»long-4ay plants and low-temperature-»high-temperature 
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plants. This method of expression indicates that the temperatme and 
the length of the photoperiod must increase with the development 
of the plant in order to mduce early sexual reproduction. 

Temperatures and photoperiods favoring earliness in the winter 
and spring wheats favor the formation of a reduced numW of 
internodes and leaves hy each tiller. The formation of the steih 
intemodes and leaves stops and the major elongation of the stem 
begins at about the time that floral differentiation becomes evident. 

When the Mazda C tungsten lamp was used to lengthen the day, 
Marquis headed sooner than when the same photoperiod consisted of 
sunlight alone. Heading was earlier under the Mazda lamp than 
under the Cooper-Hewitt lamp when these light sources were used 
to lengthen the winter day. 

In 5 of the 6 varieties tested the number of seeds was greater when 
the winter day was lengtliened by means of the Cooper-Hewitt lamp 
alone, or when in combination with the Mazda lamp, than when the 
Mazda lamps were used alone for supplementing daylight. It 
appears that a combination of these lamps may be better for certain 
studios than the Mazda lamp alone for lengthening the natural day. 
The Mazda lamp stimulated earliness at the sacrifice of vegetation and 
seed yield, and the Cooper-Hewitt lamp apparently offset this by 
increasing vegetation and the yield of seed. 

Earliness and other characteristics of the wheat plant are influenced 
by the intensity of the light, and while this influence is less than 
that of the daily photoperiod so far as concerns earliness of sexual 
reproduction, it is sufficient to warrant attention in experimental 
work. 
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THE ANATOMY AND HISTOLOGY OF THE TRANSITION 
REGION OF TRAGOPOGON PORRIFOLIUS ‘ 

By Lbon Ha vis 

Asaiatant in horiiculiuref Ohio Agricultural Experiment Station 
INTRODUCTION 

Salsify {Tragopogon porrifolius L.) is a biennial plant belonging to 
one of the most specialized groups of the Compositae. Durmg the 
first year of growth it produces a fleshy primary root, a fleshy hypo- 
cotyl, and a very short stem. In its second year a flower stalk is 
developed from the stem which extends to a height of 2 to 3 feet and 
bears disks of purple flowers. The seedling has linear, lanceolate, 
sessile cotvledons, which carry on photosynthesis. The fruit (com- 
monly called the seed) is a linear achene about 1 cm in length. 

REVIEW OP LITERATURE 

A search of the literature failed to reveal any reports dealing with 
the anatomy of the transition region of salsify. Van Tieghem (6) ^ 
in 1870 described very briefly the transition in a few plants of the 
Compositae, and Gerard (3) in 1881 reported the results of studies 
on the seedling anatomy of two members of the Compositae. One of 
these, Cartkamus tinctoriuSf is very similar in its type of transition 
to Tragopogon porrifolius in most details mentioned relative to the 
root and lower hypocotyl. Vuillemin (8) reported studies with the 
stems of some of the composites and included very brief notes on 
the transition phenomena. Dangeard (2) made very general obser- 
vations on types of transition and based the results of his final classi- 
fication on the number of primary xylem groups in the root. Van 
Tieghem (7, p. 782) defined three general types of transition from 
root to stem. Compton (1) described several types of syncotyly in 
the Compositae. His study was made from an evolutionary view- 
point. Hill and De Fraine {4) investigated seedlii^ structure from 
two general aspects — phylogeny and physiology. They state (4, p. 
262): 

The existence of an intermediate tvpe between diarchy and tetrarchy has been 
demonstrated in certain plants, e. g, Liriodendron tulipiferoy Clematis Render aonii^ 
and some of the Composites; in these, lateral bundles of the cotyledons enter the 
hypocotyl and attempt to form the intercotyledonary poles of a tetrarch root. 

Lee (5) reported very briefly his work on the seedling anatomy of 
a large number of plants belonging to the Compositae. Of these 
only ileliopsis laevis (seedling A), Centaurea macrocephalay and Trago-- 
pogon dubius seem at all similar to salsify. However, in Lee’s article, 
as well as in most of the others cited, very little detail is given, and 
one cannot be certain as to the amount of similarity in structure. 
The present paper presents the results of a study of the anatomical 
and nistological changes that take place in the transition region of 
salsify. 
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MATERIAL AND METHODS 

The Mammoth Sandwich Island variety of salsify was used for this 
study. The plants were grown in the greenhouses of the Ohio State 
University during the summer and fall of 1934. Seedlings of various 
ages were used, but those 6 to 8 days old proved to be the best material 
for a detailed study of the root-stem transition. At this stage all the 
primary tissues were differentiated but no secondary thickening was 
present. 

The specimens were fixed in formol acetic alcohol, dehydrated 
accord!^ to the usual method, run through chloroform, and embedded 
in parafim. Serial transverse and lon^tudind sections were cut 10m 
to 15 m in thickness, mounted serially, and stained in most cases with 
safranine and fast green. 

GROSS MORPHOLOGY OF YOUNG SEEDLING 

The first indication of germination is the bursting of the seed coat 
and the hard outer covering (composed of carpel wful and receptacle) 
at the base of the achene, by the elongation of the hypocotyl and 

f rowth of the radicle. The elongation of the inverted V-shaped 
ypocotyl brings the cotyledons, which are still enclosed by the fruit 
coat, out of the ground. In about a day the hypocotyl straightens, 
and the plantlet assumes a vertical position. The walls of the achene 
and seed coat usually remmn, partly enclosing the mowing cotyledons 
for a day or two, then are shed completely. In the greenhouse at a 
temperature of 60° to 70° F. this entire process requires from 5 to 
6 days. The cotyledons are paxaUel-veined and sessile. At their 
base they are undiveiged, thus forming a tube surrounding the 
epicotyl, but are separate at almost a centimeter above the cotyle- 
donary node. The epicotyl grows very slowly at first, and several 
days elapse before elongation takes place. 

ANATOMY OF THE YOUNG PRIMARY ROOT 

The primary xylem of the salsify root is diarch; no exceptions to 
this were foimd. As is usual in roots, the xylem and phloem are 
radially arranged in the protostele (fig. 1). Within about 7 days 
after the seed is planted the primary body is differentiated. There 
are 6 to 10 cells in each protoxylem group abaxiidly arranged with 
respect to the 10 to 15 central metaxylem elements. These vessels 
are spirally thickened both in root and hypocotyl. Several layers of 
parenchymatous cells, one of which will form the prima^ cambium, 
separate the primary phloem from the diarch xylem. The primary 
phloem is composed of sieve tubes, companion cells, and phloem 
parenchyma. 

The pericycle is composed of one layer of rather irregularly shaped 
parenchymatous cells. It surrounds the primary phloem in a con- 
tinuous sheath and abuts the protoxylem points. The cells are 
longer vertically than in their radial diameter. Lateral roots origi- 
nate from the pericycle opposite the protoxylem points in all cases 
noted. The Casparian thickenings of the endodermis are fairly 
conspicuous, making this tissue readily recognizable. The cortex 
is composed of parenchymatous cells 10 to 12 layers in thickness. 
They are loosely arranged and irregular in shape. Intercellular 
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spaces are comparatively lai^e in this tissue. The epidermis is one 
layer thick in the young root. The cells are very much greater in 
their vertical than in their radial dimension. The epidermis is the 
first tissue to differentiate out of the promeristem; followed closely 
by the cortex. No fibers are associated with the root or the hypo- 
cotyledonary bimdles in the primary body. 

THE TRANSITION REGION 

The word “hypocotyl” as used in this paper refers to that mor- 
phological part of the plant between the cotyledonary node and the 
root. The hypocotyl may be easily located in many seedlings. Its 



Figure 1.— Transverse section of young primary root; px, protoxylem; mx, metaxylem; ph, phloem, per, 
pericycle; end, endodermis; cor, cortex. 


upper extremity is characterized by the divergence of the cotyledons. 
Its lower approximate terminus may usually be distinguished by 
the definite constriction which characterizes the beginning of the 
root structure. This is true in the case of the plant here described. 
The hypocotyl is not necessarily accompanied by anatomical changes 
throughout its entire length. 

The term ^'transition region’s as here used, refers only to that 
portion of the plant in wmch definite anatomical and histological 
changes take place in the reorientation of structures between root 
and stem. In many plants which possess a fleshly hypocotyl the 
transition region is located otAj in the upper portion of the hypocotyl. 
In the salsify the transition region is located entirely in the hypocotyl, 
although it includes only approximately the upper half of it, the 
lower portion being rootlike in anatomical structure. 

The various changes occurring in the transition from root to stem 
structure of the primary body are given below, beginning with the 
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root and continumg throi^h the hypocotyl to the base of the coty- 
ledons where the transition is coniidete. The lower portion of the 
hypocotyl is diarch and rootlike in structure. Four primary xylem 
groups are present in the upper portion of the hypocotyl. The 
two primary xylem groups found in the root are continuous through 



Fiqubk 2.~>Diagrammatic representation of vascular arranKement in transition region: c, Diarch xylem of 
lower region; p, primary phloem; a, b, cotyledonary bundles; x, fr» lateral bundles; xi> 2 > divergences 

of X and p respectively. 

the whole lei^th of the hypocotyl and diverge m their entirety into 
the cotyledons, making im, respectively, the midribs of each of the 
two sessile cotyledons. They are always on the same side as the 
cotyledons into which they diverge (fig. 2, a and b) and wUl hereafter 
be referred to as cotyledonary bundles. 
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Two bundles, in addition to the above-mentioned ones, arise in 
the hypocotyl. They are differentiated slightly later than the 
cotyledonary ones. In the upper portion of the hypocotyl these 
bundles are located laterally and at right an^es with respect to the 
cotyledonary ones; hence they will hereafter be referred to as lateral 
bundles (fig. 2, x and y). 

Some variation occurs in the origin of the lower portion of the 
lateral bundles in different individuals. In most instances the bundles 
are formed, in the lower transition region, from metaxylem which is 
continuous with that of the primary root (fig. 3). In some plants, 
however, the xyleni is not continuous with the root, but originates 
at a higher level. In such cases pith cells separate the lower ends of 
the tracheae from those of the cotyledonary bundles and the lateral 



Fioure 3 —Section through lower tranflItSon region showing origin of lateral bundles from metaxylem: 

/, Xylem of lateral bundles; p, pith. 

bundles are differentiated directly out of the pith tissue which sepa- 
rates the two cotyledonaiy bundles. When this occurs, the primary 
xylem of the lateral bunmes has no direct vascular connection with 
that of the diarch root. The primary phloem of all the bundles is 
continuous, however. There are also intermediate stages between 
these two situations. The metaxylem of the lower hypocotyl is some- 
times continuous with that of the lateral bundles in a few strands 
only, with many pith cells interspersed among them. In other 
instances there are only a few pith cells, in which case several vessels 
of the lateral bundles are continuous with those of the lower hypocotyl 

At a slightly higher level the primary xylem of each of the cowle- 
donary bundles is farther apart, and pith is laid down between these 
two groups and thus also between xylem of the lateral bundles differ- 
entiating between them (fig. 4). More metaxylem is then differen- 
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tia^ in this central mass, and finally two distinct groups appear. 
This xylem, at the level here described, is neither exarch nor enaarch 
but forms the primary xylem of two transition bundles (fig. 6). In 
fact, these lateral bundles are never exarch or radial during their 
ontogeny. They are in a transition stage at the distal region from 
the cotyledonary node, and endarch collateral bundles in the upper 

E ortion of the hypocotyl. At first considerable parenchyma occurs 
etween the xylem ana phloem, but the j^lem is laid down nearer 
Mid nearer to the phloem, until definite collateral bundles are organ- 
ized. At this level there is no change in the exarch arrangement of 
the xjdem in the cotyledonary bundles and they are still radial with 



Figure 4.— Transverse section through lower transition lone. Note origin of lateral bundles (/) from 
metaxylem between cotyledonary bundles and also subepidermis (stt6 epi). 


respect to the phloem. The pericycle is sometimes composed of two 
layers of cells opposite the protoxvlem points at this position. Lateral 
roots originate from the pericycle opposite these points. The endo* 
dermis is structurally the same here as in the root. There are a few 
more layers of cortical cells, however. Two lajors of epidermal cells 
begin to appear. Both layers are comi>osed of large cells (fig. 5). 
The outer one, at its lower extremity, gives rise to numerous root 
haii-s. 

Farther up the hypocotyl the four bundles become more radially 
symmetrical, with a pith composed of loosely arranged parenchyma- 
tous cells. Within about 1 mm from the basal origin of the lateral 
bundles, all four of them are equally distributed at 90-degree intervals 
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from each other as one views them in transverse section. The lateral 
xylem groups are here collaterally arranged with respect to the two 
phloem groups. The phloem just outside of them is gradually 
reorientated until, at higher levels, it makes up the primary phloem 
of each of the lateral bundles. Here is found the first indication pf 
transition of the primary cotyledonary bundles from exarch to 
cndarch arrangement {fig. 7). The metaxylem is differentiated 
abaxially and on either side of the protoxylem. The protoxylem is 
then adaxially differentiated and thus through the center of the 
group of metaxylem cells. ^ The lateral bundles are, at this level, 
still transition bundles. No appreciable change is evident in the 
position of the primary phloem. 

At only a slightly higher level, and throughout most of the remaining 
upper hypocotyledonary region, the c.otyledonary bundles are 



Figure 6. — Section through transition zone showing differentiation of two xylem groups between the 

cotyledonary bundles. 

transition ones but are radial with respect to their nrimary xylem and 
phloem. At this level the xylem of the lateral bundles is more endarch 
than transitional and the bundles are nearly collateral. At a slightly 
higher level the cotyledonary bundles are transition radial ones and 
the two lateral bundles are perfectly endarch and collateral 
6 and 7), Adaxial differentiation of the protoxylem has resulted in 
this endarch condition of the lateral bundles. In the cotyledonary 
bundles the abaxial differentiation of the metaxylem takes place 
laterally on both sides of the protoxylem. The pericycle at this level 
is two layers in thickness and the endodernus is still present but is 
irregular in shape. . , . , . 

At a position about 1 mm below the cotyledonary plate each phloem 
group associated radially with the cotyledonary bundles bifurcates, 
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fornung two irregular groups. The two groups on either side and 
adjaeent to the Tiylem of the cotyledonary bundles anastomose im- 
mediately outside of this xylem, and thus collateral bimdles are 
formed. However, the xylem of these bundles is still in a transition 
stage. Small strands of the remaining groups of phloem, located 
between each cotyledonary tmd each lateral bundle, mver^e into the 
cortex (fig. 8). A part of this phloem is continuous to a higher level, 
where it forms a ring of cells inside of the divei^^ng primary vascular 
bundles. These pmoem cells gradually disappear at higher levels 



Figure 6.— Transverse section through upifer hypocotyl. Note transition and radial arrangement of 
cotyledonary bundles (c) and endarch collateral position of lateral zones (/). X 100. 


until the base of the epicotyl is reached, which is composed of a mass 
of undifferentiated meristemetic cells. The primary phloem of the 
root thus in part seems continuous with that of the stem. The 

E rima^ xylem, however, is not continuous with that of the stem 
ut diverges entirely into the cotyledons. Only the secondary xylem 
of the root is continuous with the xylem of the stem. 

The xylem of the cotyledonary bundles is not endarch at the same 
level that the bundles are collateral but becomes so at a slightly higher 
level, and is entirely so at the position of the bundle divergence toward 
the cotyledons. At this same level each of the lateral bundles bifur- 
cates, forming two closely associated bundles (fig. 9) . These ^adually 
are laid down farther apart until they finally mrm a lateral trace in 
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each of the two cotyledons (fig. 10). They always diverge and form 
the catyledonaiw traces on the same side of the plant as that on which 
they arose , and extend throughout their length in the hypocotyl. 
The cotyledonary bundles diverge at the same level and make up the 
midribs of the cotyledons. 

Since salsify is definitely syncotyledonous, there is no sharp diver- 
gence of the cotyledons^ traces, but they extend for some distance 
through the cotyledons in an almost vertical position. 



FffiURB 7. — Higher magniflcatloii of section shoern In figure 6; note same points there suggested. X 250 

ADDITIONAL OBSERVATIONS 

In connection with the foregoing studies, it was noted that no oil 
ducts are present in either the young primary or the mature salsify. 
The substance commonly spoken of as ‘ ‘ milky is found mainly in 
the phloem. 

The edible portion of the mature salsify is composed largely of 
xylem. Most of this is xylem parenchyma. The phloem, pericycle, 
endodermis, and cortex are also present in the mature structure. In 
striking contrast to the situation in such plants as the radish, carrot, 
and beet, in which the cork cambium develops from the pericycle, 
in the salsify it develops from cortical tissue. The endodermis is 
readily distinguished in the mature structure by the prominent 
Casparian strips. 
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Figure S.-TransverM section through upper portion of hypoootyl. Note primary phloem between the 
bundles and strands of it through the cjortex; f, Lateral bundles; c, cotyledonary bundles. 



Fiouhb 9.— Transverse section at base of epicotyl; lateral bundles slightly bifurcated and all bundles 
diverging into cotyledons; I, Lateral bundles; c, cotyledonary bundles; epi, base of epicotyl. 
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SUMMARY 

The salsify seedling has linear, lanceolate, sessile cotyledons which 
are photosynthetic. The slowly developing epicotyl is enclosed in a 
cotyledonary tube to about 1 cm above the cotyledonary node. 

The transition phenomena were studied from the root through the 
hypocotyl to the bases of the cotyledons where the transition is 
complete. 



Figure 10.— Transverse section through cotyledons. Note lateral bundles become lateral traces of the 
cotyledons, while cotyledonary bundles become midribs of the cotyledons: Lateral bundles; c, cotyle- 
donary bundles. The central cavity represents the cotyledonary tube; the larger cavities show the 
breaking down of the central parenchyma of the cotyledozis. 

The transition from root to stem structxire occurs entirely in the 
hypocotyl. 

The root is diarch and the primary xylem and phloem %re radially 
arranged as is typical in the primary structure of roots. 

The transition region is largely tetrarch; two primary bundles, in 
ad^tion to the two continuous with those of the root, being differ- 
entiated in the lower portion of the transition zcme from metaxylem. 

Both the phloem and the xylem in the two i)rimary bundles of the 
root are continuous through the hypocotyl and into the midribs of the 
cotyledons. 

34114 — 36 6 
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The two additional bundles arising in the basal portion of the 
transition region are located laterally and at ri^t angles with respect 
to the cotyledonary bundles. 

Each lateral bundle separates near the cotyledonary node and the 
two strands thus formed make up a lateral trace in each of the two 
cotyledons. 

The transition from the exarch radial arrangement of the primary 
cotyledonary bxmdles to the endarch collateral arrangement extends 
through the upper one-half of the hypocotyl, hence almost to the 
cotyledonaiy node. 

During mis transition the metaxylem vessels are differentiated 
abaxially'with respect to the protoxylem and laterally on either side 
of it. 

The primary cotyledonary bimdles are radially arranged with re- 
spect to the xylem and phloem throughout most of the transition 
zone, but are typical collateral bimdles where they diverge into the 
cotyledons. 

The lateral bundles in the hypocotyl are never exarch or radial, 
but are laid down as transition bundles in the lower transition region 
and extend thus throughout most of this zone. However, there are 
endarch collateral ones at a lower level than those of the cotyledonary 
bundles. 

These four bundles of the primary body extend through most of the 
hypocotyl in a radially symmetrical pattern. 
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EFFECT OF INTERIOR TEMPERATURES OF BEEF MUSCLE 
UPON THE PRESS FLUID AND COOKING LOSSES* 

By Alice M. Child, assoeiate professor of hone economics, and J. Aokes Fogaktt. 

Minnesota Agricultural Experiment Station 

INTRODUCTION 

Quality and palatability of lean tissue of meat are largely dependent 
upon them physicochemical relationships. In examining the factors 
contributing to the edible qualities of meat, investigators have em- 
phasized the importance of tenderness, juiciness, flavor, and aroma. 
Research dealing with these qualities has been effective in advancing 
scientific knowledge in meat wokery. Physicochemical investigation 
is necessary, however, to bring about a clear understanding of the 
changes that take place when meat is heated. 

A method for studying the quality and quantity of press fluid or 
juiciness in different meat samples has been developed through the use 
of the pressometer (4).* The term “press fluid” is used to designate 
the fluid, consisting of moisture plus the soluble material plus the col- 
loidal fraction, expr^sed from muscle by the use of the pressometer. 
This paper deals with a study of the quantity and composition of 
press fluid from beef muscle heated to different temperatures to de- 
tennine their effect on the palatability of meat with respect to juici- 
ness, a very important factor in meat quality. 

REVIEW OF LITERATURE 

The factors that affect the cooking losses of meat when roasted have 
been the subject of many investkations. Early work by Grindley 
and Mojonnier ( 9 ) dealt with the losses of meat cooked in water and 
by dry heat. Their results show that dry heat caused losses of from 
0.25 to 4.55 percent of the nitrogenous matter and 2,47 to 27.18 per- 
cent of the fat. Cline and Godftey (5) concluded that loss in weight 
varied directly with increase in temperature. Grindley and Emmett 
(8) studied the juice and fiber of meat cooked in different ways. The 
juice was removed from raw ground meat by pressure, the yield being 
approximately 30 cc per 100 g. On heating, the red jiiiw changed to 
brown at 52° C, These investigators found that the juice had the 
distinctive flavor of meat, wMle the fibers had little or no flavor though 
prepared in different ways. The flavor of the juice was more pro- 
nounced in the liquid portion than in the coagulated precipitate. 
Cline, Trowbridge, Foster, and Fry ( 6 ) found, from ju(^es’ grading, 
that increased shrinkage was accompanied by a decrease in tenderness, 
juiciness, and flavor of lean meat and that the loss of flavor might be 
attributed to loss of juices. 

> Raoeived for publioation Apr. 8, 1938; iasued December, 1935. Scienttao Journal Serle<i, Paper No. 
134^ Minnesota Agricultural Experiment Station. 
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Early investigation of pure muscle 6uid — ^fluid removed from muscle 
not in contact with either water or salt — was carried on by Botazzi (3) 
in 1912. He obtained fluid from raw ox muscle that had been stored 
on ice and then chopped and ground with diatom powder. By means 
of a hydraulic press, using prrasures va^ng from 50 to 350 atmos- 
pheres, he expressed the fluid in quantities sufiicient for tho determi- 
nation of its physical and chemical properties. Because of the general 
inaccessibility of Botazzi’s work, certain of his data are shown in 
table 1. 


Table 1. — Yield of press fluid, at 350 atmospheres pressure, from raw ox muscle, 
and dry residue, protein, and ash content of the fluid ^ 


Muscle 

Weight 
of muscle 

Weight 
of fluid 

Yield 

Dry 

residue 

Total 

protein 

Ash 

Residue 
protein 
and ash 

Striated 

Kilograms 

0.938 

.829 

Kilograms 
0. 529 
.339 

Percent 

63 

40 

Percent 

8.914 

7.43 

Percent 

91.086 

92.57 

Percent 

1.739 

.85 

Percent 

2.654 

2.93 

Smooth 



* Botaszi (5). 


Other analyses of fluid from ox muscle are given by Wiley (14), 
Leach (11), states that meat juice is the fluid portion of the 
muscle fibers. The standard for true meat juice adopted by the 
Association of Official Agricultural Chemists (1) is: 

The solids contain not more than 15 percent of ash, not more than 2.5 percent 
NaCl, not more than 4 nor less than 2 percent phosphoric acid, and not less than 
12 percent of nitrogen. The nitrogenous bodies contain not less than 35 percent 
of coagulated proteins and not more than 40 percent of the meat basis. 

Halliday, Noble, and Klaas (10), using a pressure of 3,800 pounds 
per ^uare inch for expressing juice, found that rib roasts heated to 
61® Q. yielded a larger quantity of juice than rib roasts heated to 
75®. The quantities of juice ranged about 15 cc per lOOg. The juice 
from roasts heated to 61® was richer in solid and total nitrogen than 
that from roasts heated to 75®. 

Bigelow and Cook (j?) showed that a larger yield of juice could be 
obtained from meat heated to 60® C. than from raw muscle. 

The methods and technique for press-fluid analyses, have been 
described by Child and Baldelli (4), who used 250 pounds pressure on 
the pressometer for 10 minutes. A study of sampling by Zohner* 
proved that duplicate samples from the same slice could be used for 
analysis, since the difference between them was not significant. 

MATERIAL AND METHODS 

The semitendinosus or eye muscle from the round of beef contains 
all of the structural components of striated muscle in a convenient 
compact unit. The entire raw cut weighs from 1 to 1.5 kg and meas- 
ures from 25 to 30 cm in length and from 6 to 8 cm in diameter, being 
approximately cylindrical in shape and tapering abruptly at either 
end. The end pieces were not used for cooking. The muscle was 
removed from the round by cutting along the seam between the eye 

> ZOHNBE, E. T. A STUDY IN SAMPLING FOR PRESS FLUID INVESTIGATION. 1934. (Unpublished material, 
Minnesota Agricultural Experiment Station.) 
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and the top round and separating the muscle from the bottom round. 
The beef obtained from a large packing house was of choice quality 
and was ripened 14 days. electric oven with an automatic con- 
trol was used for cookmg, and a pressometer was used for removing 
the fluid from the muscle. 

PREPARING AND ROASTING THE MEAT FOR SAMPUNG 

Two roasts from the same muscle were prepared according to the 
method given in <][uality tests by the cooking committee of the coopera- 
tive meat investigation committee.* All exterior fat was carefully 
removed, leaving a continuous covering of connective tissue sur- 
rounding the muscle. Preliminary work showed that the meat was 
more uniformly cooked when prepared in this manner. The anterior 
portion was used for the tests at 58° C., and the posterior section for 
those at 75°. The length of the roast was determined by its diameter 
to insure even heat jienetration to the center from all sides. The 
meat was cooked until the thermometer registered 58° for the rare 
and 75° for the well-done roasts. The former temperature was 
chosen because it is used for rare roasts by the cookmg committee 
of the cooperative meat investigation committee.* The higher tem- 
perature was decided upon after a series of preliminary roasting ex- 
periments had been performed to determine the temperature at which 
the standard of the center slice of the roast would conform to that for 
well-done beef given by Sprague and Grindley {13), who describe the 
interior of meat cooked to 75° to be brownish gray in color, with a 
scant amount of colorless or slightly yellow juice. 

Total losses, the sum of the evaporation and dripping losses, were 
obtained. 


SAMPLING FOB PRESS-FLUID DETERMINATION 

After cooking, the roasts were cooled to 40° C. They were then 
halved, and a slice 1.25 cm in thickness was removed from the center. 
On either side of the thermometer duplicate samples were taken by 
means of a round cylindrical borer 1.25 cm in diameter. The weighed 
sample was wrapped in an unsized, shrunk, weighed filter cloth and 
put m the tray of the pressoineter under a pressure of 250 pounds for 
10 minutes and weighed again. The weight of the press fluid was 
found by subtracting the weight oi the pressed sample from the weight 
of the unpressed sample. 

To obtain the quantity of press fluid per gram of dry matter, the 
expressed sample after preliminary evaporation in a drying oven was 
brought to constant we^ht at a temperature of 80° C. ±2 under high 
vacuum. The ratio of press fluid to dry matter was calculated by 
dividing the weight of the press fluid by the weight of the dried sample. 


OBTAINING PRESS FLUID FOR CHEMICAL ANALYSIS 

For chemical analysis of the press fluid, the slice which had been 
sampled for press-fluid determination was used, the outer layer 1.25 
cm m thickness being removed and the remainder cut into 1.25-cm 
cubes. 


< Auxahdbb, L. M., OiAEK, N. O., and How*. P. E. mithods or cookino and tbbtino mat wb 
F^MB aiTr. Sapplement to National Project Cooperative Mert tovestl^tons. y. SJwpL A*r., 
Bur* Homo Boon* snd Bur. Anlm. Indus. 36 pp.» Qlus. Revised, February 1933. iMlineograpfaed.j 
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The sample was tightly wrapped in a 5-cm square of filter cloth, 
placed on a perforated aluminum shelf, 1 cm high, in the pressometer 
tray, and kept under a pressure of 250 pounds for 5 minutes. Pre- 
vious work had shown that during this period most of the nitrogen is 
removed Q). It was necessary to stram the press fluid when using 
raw meat in order to remove particles of fibers which wwe forced 
through the cloth by pressure. A saturated filter cloth square was 
used for this purpose. 

Ten cubic centimeters of press fluid were collected for the deter- 
mination of moisture, total nitrogen, and noncoagulable nitrogen in the 
press fluid. The fluid was kept at a temperature of 4° C. until 
analyzed. The percentage of moisture and of total and noncoagulable 
nitrogen in press fluid was determined by the method of the Associa- 
tion of Official Agricultural Chemists (f). The percentage of co- 
agulable nitrogen was obtained by the difference between the means of 
duplicate analyses of total and noncoagulable nitrogen. 

EXPERIMENTAL DATA 

THE HOMOGENEITY OP SEMITENDINOSUS BEEP MUSCLE POR PRESS-PLUID 

DETERMINATION 

In a series of preliminary experiments portions of the semitendi- 
nosus beef muscle 5 cm apart were tested for uniformity of quantity 
and composition of press fluid, five muscles being used. 

Three thermometers, 6 cm apart and approximately 5 cm from 
either end, were inserted in each muscle, which was cooked until the 
center thermometer registered 68° C., the end thermometers raiding 
between 59° and 60°. After the muscle was removed from the oven 
the rise in temperature varied from 1° to 3°. Press-fluid determina- 
tions were made on duplicate samples of slices taken from the anterior, 
center, and posterior parts of the muscle. Cooking losses were ob- 
tained from the roasts. 

The results of this study showed that the differences in percentage 
of press fluid in each portion were so slight as to be neglimble. The 
percentage of cooking losses likewise showed a very smali deviation 
among the roasts. 

A chemical analysis to determine the moisture, total nitrogen, and 
ether-extract content of the press fluid from the different portions 
was made. The composition of the press fluid in the muscle was 
found to be within the limits of experimental error. The ether extract 
was so small a percentage that this analysis was omitted in later work. 

According to those analyse the semitendinosus beef muscle was 
uniform in chemical composition as well as in press-fluid yield; there- 
fore, two comparable roasts were used from the same muscle. 

PRESS FLUID IN SEMITENDINOSUS BEEF MUSCLE HEATED TO 68° AND 75° C. 

Duplicate samples averaj^g 1.5 g were taken for the determination 
of press fluid from roasts from the same muscle. The anterior sec- 
tion was heated to 68° C. and the posterior to 76°.' The press fluid 
in muscles heated to 58° averaged 54.175 percent, with a standard 
deviation of 2.14; and that of muscles heated to 75° averaged 43.094 
percent, with a standard deviation of 3.25. 

* The temperatures 58** and 75^ C. were reached in the oven. After removal, the rise In temperature 
of the 58^ roast varied from 1** to S'*, but the temperature of the 76^ roast remained constant. 



Oct. 1 , 1936 Press Fluid and Cooking Losses of Beef Musde 


659 


The grams of press fluid per gram of dry matter were obtained by 
bringing the pressed sample to constant weight. The data obtained 
showed that the press fluid per gram of dry matter averaged 2.3186, 
with a standard deviation of 0.201 for the 58® muscles; and 1.4605, 
with a standard deviation of 0.248, for the 75® muscles. ’ 

Applying Fisher's (7) analysis of variance to the data on the per*- 
centages of press fluid and the grams of fluid per gram of dry matter, 
it was found that variation due to temperature was much larger than 
that due to error. 

Data on both percentages of press fluid and grams of fluid per 
gram of dry matter show that there is a larger quantity of press fluid 
m muscle heated to 58® C. than in that heated to 75®, 

When Fisher's (7) analysis of variance was applied to the data, a 
tendency was noted for the raw beef muscle to differ from the muscle 
heated to 58® and 75® C. in moisture, total nitrogen, and noncoagu* 
lable nitrogen (table 2). 

Table 2. — Means in percentage of moisture^ total nitrogen^ noncoagulable nitrogen 
and coagulable nitrogen in press fluid from raw beef muscle and the same heated to 
58^ and 75^ C. 


Sample no. 

Moisture 

Total nitrogen 

Noncoagulable 

nitrogen 

Coagulable 

nitrogen 

Raw 

58 ® 

75 ® 

Raw 

58 ° 

76 ® 

Raw 

68 ® 

75 ® 

Raw 

58 ® 

75 ® 

1 

87.86 

91.04 

92.83 

1.68 

1.02 

0.76 

0.55 

0.70 

0.67 

1.14 

0.32 

0.09 

2 

87.71 

91.94 

03.55 

1.82 

1.04 

.74 

.42 

.66 

.58 

1.41 

.48 

.16 

3 

90.10 1 

91. 19 

96.25 

1.32 

1.11 

.64 

.46 

.70 

.49 

.86 

.42 

.04 

4 

88.61 

91.51 

93.57 

1.57 

1.05 

.70 

.60 

.69 

.66 

1.07 

.46 

.01 

6 

88.25 

9 a 63 

94.05 

1.63 

1.08 

.67 

.47 

.66 

.61 

1. 16 

.43 

.06 

6 

89.08 

9 ai 4 

93.65 

1.36 

1 . 18 j 

.66 

.48 

.76 

.62 

.87 

.42 

.04 

7 

88.80 

02.69 

93.46 

1.54 

.89 ' 

.64 

.43 

.69 

.57 

1.11 

.31 

.08 

8 

87.68 

90.46 

93.68 

1.25 

1.05 

.67 

.48 

.58 

.63 

.77 

.47 

.04 

9 ... 

90.66 

91.73 

93.79 

1.21 

1.01 

.59 

.46 

.63 

.54 

.76 

.37 

.05 

10 

87.43 

91. 16 

02.16 

1,61 

1.06 

.66 

.49 

.66 

.61 

1. 12 

.49 

.05 

11 

87.46 

91.83 

03.66 

1.58 

1.03 

.59 

.48 

.63 

.54 

1.10 

.49 

.05 

12 

87.38 

92.23 

94.26 

1.68 

.92 

.60 

.47 

.63 

.66 

1.23 

.80 

Mi 

13 

89.65 

91.40 

93.73 

1.48 

1.03 

.68 

.47 

.68 

.63 

1.03 

.49 

.06 

14 

88. 62 

91.00 

93.67 

1.26 

.89 

.65 

.39 

.64 

.50 

.85 

.24 

.06 

16 

86.94 

91.02 

92.53 

1.67 

.86 

.65 

.41 

.66 

.65 

1.24 

.20 

.01 

16 

90.16 

91.80 

03.33 

1.26 

.93 

.64 

.40 

.61 

.60 

.87 

.31 

.05 

Mean 

88.56 

91.37 

93. 57 

1.49 

1.01 

.64 

.46 

.63 

.58 

1.04 

.39 

.05 


The means of the different analyses show three distinct trends in the 
composition of the press fluid at each temperature. The moisture 
content of the press nuid varies directly with the interior temperature, 
being 93.67 percent in muscle heated to 75® C., and 91.37 percent in 
muscle heated to 68®. Raw muscle has the lowest percentage, 88.56. 
As the muscle proteins coagulate with increased temperature, the 
coagulable nitrogen fraction is removed, thus yielding a less concen- 
trated press fluid. . i . 

The percentage of total nitrogen shows an inverse relationship with 
the temperature, 0.64 percent in the 75® muscle, and 1.01 percent in 
the 58® muscle. The raw muscle h^ the highest percentage, 1.49. 
The removal of the heat-coagulable nitrogen with increased tempera- 
ture brings about this relationship. 

The averages for the percentage of coagulable mtrogen m the press 
fluid follow me same order as for the total nitrogen, 1.04 percent for 
the raw, 0.39 percent for the 58®, and 0.05 percent for the 75®. 
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Co^lable nitrogen varies consistently with increase in tempera- 
ture, litUe being present at 75°. The small quantity of coagmable 
nitrogen at 75° indicates that coagulation is practictuly complete at 
that temperature. The noncoagulable nitrogen content averages 
0.46 percent for the press fluid from the raw muscle, 0.63 for the 58°, 
and 0.58 percent for the 75°. 

These values indicate that the noncoagulable ni^gen from the 58° 
and that from the 75° muscle are only slightly different. Enzymes 
may be the influencing factor. The increased enzyme activity at 
58° C. releases additional amino nitrogen which analyzes as non coag- 
ulable nitrogen. The higher temperature of 75° inhibits enzyme 
activity, thus decreasing the yield of noncoagulable nitrogen. 

PRESS FLUID AND COOKING LOSSES 

Press fluid and total cooking losses were obtained for roasts cooked 
to 58° and 75° C. interior temperatures. These data are given in 
table 3 (32 pairs of observations). 

Table 3. — Press fluid and total cooking losses in semitendinosus beef muscle 

heated to 58^ and to 75° C. 


1 - 

3- 

6 - 

7- 

9- 

11 . 

18. 

15. 

17, 

19. 

21 . 

23. 

25. 

27. 

29. 

31. 

33. 

35. 

37. 

39. 

41. 

43. 

45. 

47. 

49. 

51. 

53. 

55, 

57. 

59. 

61. 


Roast Qo. 


T' 


58® C. 


75 ® ( 5 . 


Press fluid 

Cooking 

losses 

Roast no. 

Press fluid 

Cooking 

losses 

Percent 

58.346 

Percent 

9.759 

2 

Pei cent 

47, m 

Percent 

25. 719 

56.416 

10.836 

4 

44.315 

24,752 

53.347 

19.230 

6 

41.950 

30.688 

52.693 

9.136 

8 

42.675 

24.483 

54.203 

15.000 

10 

51. 218 

32, 626 

54.946 

13. 810 

12 

41.830 

32.409 

56.282 

12. 376 

14 

41.088 

34,708 

52.960 

11. 261 

16 

44.415 

31.463 

53,274 

11.807 

18 

41.968 

30.857 

55.059 

12. 619 

20 

46.214 

80.081 

54.910 

10. 976 

22 

40.612 

30. 417 

53.875 

10.304 

24 

41.858 

35 345 

55.534 

11.491 

26 

42.262 

31.330 

55. 363 

13.400 

28 

39.726 

32.200 

50.814 

14.050 

30 

38.950 

37.846 

54.284 

11.258 

32 

45. 356 

30.045 

53. 185 

19.001 

34 

39.184 

36. 657 

55. 814 

14. 167 

36 

37 890 

34.342 

55.308 

12.224 

38 

48.843 

29.768 

51.284 

13.907 

40 

42.382 

29.791 

54.060 

13.062 

42 

45.410 

28.831 

53.380 

11.811 

44 

39.066 

37.021 

55.176 

15.385 

46 

43.843 

32.321 

55.806 

10.938 

48 

44.404 

32.588 

51.410 

11. Ill 

50 

45.345 

26.088 

55. 416 

14.471 

52 

46.116 

34.156 

49.222 

13.937 

54 

42.768 

29.302 

53.074 

9.388 

66 

45.703 

22.303 

56.65 

11.957 

58 

45.602 

31.070 

54.094 

14.666 

60 

46.692 

27.588 

54.887 

10.358 

62 

47.006 

25.086 

52.782 

11. 849 

64 

41. 786 

33.108 


The value for the correlation coefficient r is — 0.5331 when corre- 
lating percentage of press fluid and total cooking losses from the 75° C. 
roasts. This value is highly significant, since the least highly signifi- 
cant value (P=0.01) for r is 0.4487. 

The value for r in the correlation between percentage cooking 
losses and press fluid in the roasts cooked to 58° C. is —0.1823, and 
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the least sigj^cant value (P=0.05) for r is 0.3494. No significant 
relationship is indicated between total cooking losses and press fluid 
in roaste cooked to 58°. According to McCance and Shipp (IZ), 
muscle tissue shortens without a change in voliune or loss of weight 
when heated to 40°. However, at temperatures above 60° there is 
a loss of weight caused by increased shrinkage of the meat proteins^ 
causing expression of the meat juices. This may explain the inverse 
relationship observed when muscle is heated to 75° and the fact that 
there is no definite relationship at 58°. 

SUMMARY 

From this study the following observations on the effect of interior 
temperature upon the semitendinosus muscle of beef can be made on 
the basis of statistical analysis. 

The ratio of press fluid to dry matter is greater in muscle heated to 
58° C. than in that heated to 75°, the value for grams of press fluid 
per gram of dry matter being 2.319 for the 58° muscle and 1.46 for 
the 75°. 

Approximately 11 percent more press fluid is found in the muscle 
heated to 58° than-in that heated to 75°. 

Chemical analysis of the press fluid showed: 

The moisture content of press fluid varies directly with the interior 
temperature, the raw having less moisture than the heated muscle. 

An inverse relationship exists between the total nitrogen content 
of press fluid ana the interior temperature, the raw having more total 
nitrogen. 

There is comparatively little difference in the noncoagulable nitro- 
gen in press fluid from muscles heated to 58° ana 75° C., the raw 
having less than the heated muscle. 

The coagulable nitrogen fraction in press fluid varies inversely 
with the interior temperature. 

An inverse relationship exists between the percentage of press fluia 
and the total cooking losses in muscle heated to 75° C. No relation- 
ship is indicated between the percentage of press fluid and the total 
cooking losses in muscle heated to 58°. 
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THE DIFFUSIBLE CALCIUM IN THE SERUM OF LAYING 
AND NONLAYING HENS > 

By Milton W. Taylob, assistant biochemist, and Waltbe C. Russell, biochemist, 
New J ersey Agricultural Experiment Station 

INTRODUCTION 

The calcium metabolism of fowls is of considerable theoretical 
interest because of their ability to absorb and to deposit in the 
eggshell a large amount of calcium. It is, also, of interest that the 
hen is able to tolerate readily, as compared with mammals, an ex- 
tremely high level of calcium in the blood. In an effort to obtain 
facts which might serve to explain this high tolerance for calcium, 
determinations were made of the diffusible and nondiffusible calcium 
in the blood serum of laying and of nonlaying bens. It seemed 
particularly desirable in ^ese studies to ascertain whether tWe were 
any changes in the relative amounts of these two calcium fractions 
when the hen passed from a nonlaying into a laying status and vice 
versa. Therefore, the determinations were made on serum from a 
small group of hens before they began to lay and after they began 
to lay. 

REVIEW OF LITERATURE 

Since the completion of this work, reports on the same subject 
have appeared from other laboratories. Correll and Hughes (S),* 
companng cocks, laying hens, and nonlaying hens, found the ultra- 
filtrable calciiun of the serum to be fairly constant at a value of 6.4 
mg, although the total calcium varied from 11.7 to 25.1 mg per 100 
cc. Their analyses were carried out according to the method of 
Nicholas (7), with cellophane as the semipermeable membrane. 
Laskowski (5), using collodion membranes, foimd the ultrafiltrable 
calcium to be 8.0 mg per 100 cc in the case of both laying and non- 
laying hens. However, this value was obtained on plasma rather 
than on serum. Benjamin and Hess ( 1 ), using a collodion membrane 
and relatively low pressure differences, obtained a value of 6.8 mg 
per 100 cc of serum for laying hens. It is unfortunate, for the 
purposes of comparison, that the methods used in these investigations 
and in ultrafiltration and diffusion studies in general have varied 
considerably. However, the results obtained by different investi- 
gators on avian serum are in essential agreement. 

EXPERIMENTAL METHOD 

The methods available for this type of study may be classified in 
three groups: (1) Ultrafiltration, in which the serum is forced through 
a semipermeable membrane by high or low pressure; (2) pressure 

> Reaelved tor publloatlon May 17, IUSS; Issued October 1. 1936. Jonnul Series psp« of the New Jersey 
A.gricultural Exi^ment Station, Department of Agricultural Biochemistry. 
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dialysis, in which the sample is separated from pure water or a salt 
solution by a semipermeable membrane, a difference in pressure 
being maintained between the two sides of the membrane; and (3) 
ordinary dialysis. The second method was chosen for these studies 
since it appeared to lend itself readily to the handling of small samples. 

The apparatus used for the pressure dial^^ of the serum was 
essential^ that described by Moritz (6). The negatire presswe 
was obtained by means of a suction pump and was regulated at 
160 mm ±10 mm of mercury by means of a mercury escape valre. 
It was found necessary to include a large reservoir in the circuit to 
avoid wide fluctuations in pressure. 

Collodion sacs were prepared according to a method based on the 
work of Farmer (4) and Brown (2). A solution of 10-percent Parlodion 
in equal parts of absolute ethyl alcohol and diethyl ether was used. 
A test tube of appropriate size was filled with collodion, emptied, and 
drained for exactly 1 minute, as described by Farmer (4). Then, 
with the open end of the test tube up, tbe film was dried for exactly 
1 minute by lowering a capillary tube, to which suction was applied, 
nearly to the bottom of the test tube. The test tube was then im- 
mersed in OSj^rcent ethyl alcohol and allowed to remain for at least 
5 minutes. The alcohol was applied to harden the membrane and to 
give high permeability. Several investigators have used alcohol for 
this purpose, particularly in the preparation of membranes of graded 
permeability; the higher the concentration of alcohol used for harden- 
ing, the greater the permeability. The sacs were then removed from 
the tubes, washed with distilled water, and preserved for future use 
in normal saline solution. Chloroform was added as a preservative. 
It is important that the sacs should not be allowed to dry since drying 
greatly reduces the permeability. 

In carryii^ out a determination, the following procedure was 
adopted: Three cubic centimeters of distilled water was measured 
into a 16-cc centrifuge tube and the tube and contents weighed. A 
sac from the saline solution was washed with distilled water and dried 
inside and out with filter paper, and 2 cc of serum was then measured 
into it. In practice it was found easiest to slip the sac onto its support- 
ing stopper before adding the serum, and then to add the serum by 
inserting the tip of the pipette through the hole of the stopper. The 
sac was then secured to the stopper by means of an encircling thread 
and the whole pushed onto the glass tube which opened to the atmos- 
phere. These operations had to be carried out qmckly to prevent any 
lessening of the permeability of the sac by drying. After tne complete 
apparatus had been assembled and when suction was first applied, 
the sac was held above the level of the water in order to cmserve 
possible leaks. It was then lowered so that the level inside the sac 
was just below that on the outside. The dialysis was carried on for 
4 hoxus, the sac being raised occasionally to maintain the relative 
levels of the liquids. 

At the end of the dialysis the sac was again raised above the level 
of the outside liquid and the suction slowly released. The apparatus 
was separated, care being taken to transfer as much as possible of the 
liquid adhering to the outside of the sac to the centrifuge tube. The 
latter was then weighed, the gcdn in weight being the measure of the 
water which had left the sac. No correction was found to be necessary 
for the amount of water adhering to the sac since several trials showed 
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it to be negligible. The outside of the sac was then washed into the 
tube contaming the dialvsate, aud the solution within the sac was 
washed out into a second centrifuge tube. Calcium was determined 
in both of these by the method of Kramer and Tisdall as modified 
by Tisdall (S). From these results the diffusible calcium was calcu- 
lated in the way described by Updegraff, Greenberg, and Clark (5); 
The total calcium concentration was obtained by adding the amount 
of calcium in the dialysate to that which remained in the sac. The 
accuracy of this calculation was found to be within the limits of error 
of the method for calcium determination. 

Six nonlaying hens which later began to lay we’re employed in this 
experiment. Blood samples of about 30 cc were obtainea from the 
heart by means of a ^podermic needle and syringe at approximately 
monthly intervals. The blood serum was separated by centrifuging. 

RESULTS AND DISCUSSION 

Since trouble was experienced in preparing highly permeable 
membranes, a number of determinations were carried out on a solu- 
tion of Ca(H 2 P 04 ) 2 .H 20 containing 18 mg of calcium per 100 cc. 
Under these conditions, 90.9 ± 1 .4 percent of the calcium was diffusible 
through the various membranes. While theoretically 100 percent 
of the calcium in an entirely inorganic solution should be diffi^ble, 
it is doubtful whether this would be the case under the conditions 
of this experiment. Thus, it is probable that a greater degree of 
diffusibility would have been found had the dialysis period been 
longer. Furthermore, duplicate tests on serum showed close agree- 
ment even though the permeability of the particular membranes used 
in the tests varied widely when used with the inoiganic calcium 
solution. 

The results obtained on the dialysis of serum are summarized in 
table 1. From these figures it may be seen that although the total 
calcium level of the serum varied from 10.6 to 39.0 mg per 100 cc, 
the diffusible calcium was maint^ed within a much nairower 
range, all the values except two falling between 4.2 and 6.7, with an 
average for all determinations of 5.3 ±0.17 mg. This value is lower 
than the 6.4 reported by Correll and Hughes ( 3 ) or the 6.8 reported 
by Benjamin and Hess (/). The differences may be due to the fact 
that the aforementioned investigators used ultrafiltration methods, 
while the method employed in these experiments was pressure dialy- 
sis. The significantly higher value, 8.0 mg, which Laskowski { 6 ) 
obtained on plasma is not strictly comparable with the residts obtained 
on serum. It may be concluded, therefore, that for any given method 
of analysis the so-called “ultrafiltrable” or diffusible calcium of 
fowl serum shows a high degree of constancy which is quite inde- 
pendent of the total calcium concentration of that serum. Benjamin 
and Hess (7 ) and others have shown that this is not true in cases of 
other species in which the level of calcium^ in the blood has b^n 
elevated artificially or pathologically. It is apparent, also, that 
slight changes in the procedure, at feast in this particular type of 
analysis, may give constant differences in results. 
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Table 1. — ToUtl and diffusiUe calcium, of hen’s serum 


Bird 

Month 
and day 
of analy- 
sis 

Condition of bird 

Deter- 

mination« 

Total calcium < 

Diffusible 
calcium i 

no 

Range 

Mean 

Range 

Mean 


flan. 

12 

Nonlaying 

Number 

4 

Mg 

9.9-11.3 

Mg 

10.6 

Mj 

6. 3-6.6 

Mg 

6.5 

128 

fan. 

26 

Laying 

5 

20.2-21.7 

21.3 

6. 1-6.5 

6.3 

Feb 

16 


2 

25.6-26.5 

25.5 

6. 0-6. 4 

5.2 


May 

3 

do 

3 

17.3-20.0 

18.9 

3. 9-4. 8 

4.2 


Jan. 

12 

Nonlaying.^ 

5 

11.3-11.9 

11.6 

5. 8-6. 5 

6.2 

274 

Jan. 

27 

Laying 

5 

23.6-24.7 

23.8 

6. 5-6. 6 

6.0 


Feb. 

16 

Nonlaying 

4 

11.8-12.1 

11.9 

3. 9-4. 9 

4.5 


Jan. 

15 

do - - 

4 

11.9-12.3 

12.1 

6. 5-6. 8 

6.7 

177 

Jan. 

29 

Laying 

4 

38.2-39.9 

39.0 

5. 1-6. 2 

5.6 


Feb. 

26 

do 

5 

16.5-20.4 

18.8 

3. 1-4. 6 

8.7 


Jrn. 

19 

do 

5 

24.8-26.5 

25.9 

6. 7-7. 4 

6.5 

372 

Feb. 

9 


4 

18.6-19.3 

18.9 

4. 3-5.1 

4.6 


Apr. 

19 

do 

4 

1 21.8-22.1 

21.9 

4. 2-4. 4 

4.3 


Tan. 

19 

Nonlaying 

4 

12.6-13.4 

12 7 

6 6-6.8 

6.1 

923 

Feb. 

9 

Laying 

4 

' 17.2-18.9 

17.9 

6. 1-6.7 

6.4 


Apr. 

19 

do - 

3 

16.5-16.6 

16.5 

4. 9-6. 2 

5.0 


Jan. 

21 

do - - 

5 

15. 3-16. 1 

15.6 

6. 1-6. 1 

5 7 

117 

Feb. 

11 

Nonlaying 

2 

11.7-12.7 

12.2 

2. 5-2. 9 

2 7 


.May 

3 

Laying 

3 

13.4-14.5 

14.1 

4. 3-5 5 

5.1 

10 

Jan. 

5 

Nonlaying; on rachitogenic diet 

6 

12.6-13.3 

12.9 

7 9-8 5 

8 2 


1 Per 100 cc of serum 


As indicated earlier in this paper, the birds were in a nonlaying 
condition at the beginning of the experiment, but each one began to 
lay before or soon after the first set of analyses had been made. In 
some instances there occurred a further change back to the nonlaying 
condition prior to the last analysis. Although in each case the totm 
calcium increased markedly with the advent of the laying period, 
in no case was there a s^nincant change in the value of the ainusible 
calcium. Frirthermore, the average value for all analyses made 
while the birds were not laying, 5.4 ±0.42 mg per 16|| cc is not signifi- 
cantly different from the value 5.3 ±0.17 mg per 100 cc obtained 
when they were layii^. The identity of these values seems particular- 
ly significant because all the values were determined on serum from 
the same group of birds. It is generally agreed that the nondiflusible 
calcium of serum exists in some kind of combination with the protein. 
Benjamin and Hess (I) have further divided the diffusible and non- 
diffusible fractions according to whether or not they are absorbed 
by dry BaSO^. They find, as do others, that a rise in the total 
calcium of the blood is generally accompanied by a rise in serum 
protein. The possibility that the nondinusible calcium exists as a 
calcium-protein complex may explain the tolerance of laying henB 
for an extremely high level of blood calcium. It is not known whether 
the calcium in this complex is available for the formation of eggshell, 
but apparently it has little toxic activity. 

Bird no. 10 had been on a rachitic diet for 9 months previous to the 
assay. It was killed by decapitation and the blood sample collected 
during the subsequent bleeding. The value 8.2 mg per 100 cc of 
serum for the diffusible calcium, while it may be due to the method 
of bleeding, is believed to be indicative of the disturbed calcium 
metabolism caused by the rachitic diet. 
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SUMMARY 

By the use of collodion membranes, the diffusible calcium of the 
serum of nonlaying hens was fotmd to be 6.4 ±0.42 and that of the 
same hens in the laying condition 5.3 ±0.17 mg per 100 cc of serum. 
No difference was observed in the level of diffusible calcium when 
the birds changed from a nonlaying to a laying condition or vice versa. 
The nondiffusible calcium in the serum rose from a value of 6.4 ±0.53 
mg per 100 cc for nonlaying birds to a value of 16.1 ±1.17 mg per 
100 cc for the same birds in the laying condition. 
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FORM-CLASS VOLUME TABLES* 
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INTRODUCTION 


A method of constructing generalized taper charts and volume 
tables, based upon a formula for the stem curve and developed in its 
general principles from the form-class system used in Sweden, has been 
outlined in a previous paper by the writer {2)? In applying these 
generalized taper charts and volume tables to the measurement of 
stands of timber of any given species, the necessary steps are: (1) To 
study the variability of the form auotients of the trees in a stand in 
order to ascertain \vhether a single average form quotient may be 
used for the entire stand; (2) to work out a method of determining 
the average form quotient of the stands to be estimated in the field so 
that the proper form-class table may be selected for each set of con- 
ditions; and (3) to study the relation between normal diameter inside 
l)ark at breast height (4.5 feet above the gmund) and the actual 
breast-height diameter for the species in question. 

Some suggestions in regard to each of these three processes as well 
as references to the earlier literature wore included in the previous 
paper. Since the problems referred to are inherent in the timber 
itself and are not peculiar to the form-class system alone, they enter 
into the application of volume tables of any sort and so merit intensive 
analysis. In this paper are presented the results of detailed statistical 
studies of these questions for red spruce {Picea rubra Link), white 
spruce (Picea glauca (Moench) Voss), and balsam fir {Abies balsamea 
(L.) Mill.) in the Northeast. Wright {9) studied these questions for 
the coniferous species of eastern Canada, but his results are not directly 
comparable to those given in this paper, primarily because he did not 
eliminate the effect of butt swell on diameter at breast height before 
determining form quotient. Furthermore, his data for spruce and 
fir were obtained from not more than eight stands for any one ^ecies, 
so that liis method of approach was necessarily quite different. 
Gevorkian tz and Hosley (4)) in their study of the form and develop- 
ment of white pine stands in Massachusetts, evolved a crown index, or 
measure of diameter of crown in relation to breast-high diameter of the 
tree, which when used in conjunction with the relative length of the 
crown provided a satisfactory basis for estimating form quotient. 

Perhaps the most thorough investigations of variations in bark 
thickness in relation to form-quotient and volume estimation were 
those made by Heijbel {6) for Scotch pine in Sweden. He found 


^ Received for publication June 12, 1936; issued Deosn^er 1935. 

* Reference is made by number (italic) to Literature Cited, p. 713. 


Journal of Agricultural Research, 
Washington, D. C. 


Vol. 61, no. 8 
Oct. 16, 1985 
Key no. P-72 


35 * 790 — — 35— -~1 


( 669 ) 


670 ' A^grk/fditu^ Vci.5i,M.8 

that the relative thickiieas of haric at hreast hdgfat varied with the 
diameter of the tree, while bark thickness measured at one-tenth of 
total height was constant in all except the smallest size classes. He 
also found that for a given diameter class the shorter trees had rela- 
tively thicker bark. Scotch pines of low form class also appeared to 
have relatively thicker bark than those of higher foma class. Heijbel 
proposes that bark thickness and volume determination be based on 
measurements at one-tenth the total height of the tree instead of at 
the fixed breast-height point. 

In the study of the application of form-class methods to oak in 
Sweden, Hedeby {5) observed that form quotient of standing timber 
might be estimated from either the form point or relative length of 
crown, but that better estimates were obtamed when diameter breast 
Ugh was taken into consideration along with either of these factors. 

In none of the studies reported has multiple-correlation technic 
been employed in attempting to evaluate the effect of various factors 
on form quotient, bark thickness, or butt swell. 

BASIS AND METHODS OP STUDY 

FIELD WORK 
Distribution of Data 

In order to study the effect of such stand factors as age, site index, 
density, and average height upon variations in average form quotient, 
or difference between normal diameter inside bark and actual diam- 
eters at breast height, it is necessary to obtain taper measurements 
on enough trees to give a satisfactory average in each of a number of 
stands representing the entire range of conditions to be considered. 
For this reason it was desirable to get samples from as many stands 
as possible, keeping the number of trees in each stand as low as was 
consistent with satisfactory accuracy of the averages. The desired 
degree of accuracy was set at a standard error of ±1 unit in the 
average form quotient of the stand. 

Data previously presented {2) and substantiated in this study indi- 
cate that the standard deviation of form quotients within a stand 
averages about 4.5 imits. On this basis measurements of 20 trees 
are required to obtain an average with the desired accuracy of ± 1 
unit. Increasing the number of trees to 3P reduces the standard 
error of the average from 1.0 to 0.82 units, and 40 trees only brings it 
down to 0.71 units, so that l^e gain in accuracy from the use of a 
larger number of trees must be balanced against the extra time re- 
quired for their measurement. 

Primary emphasis was placed on obtaining measurements in stands 
of even-aged second-growth timber, which lends itself much better 
than old growth to the evaluation of such factors as age, density, etc. 
Enough data were secured from old-growth stands, however, to afford 
a basis for studying the extent of vmations of form within the princi- 
pal types of the region and to indicate average form quotients that 
may prove generally applicable to these types, as well as to establish 
the relation between normal and actual diameters at breast height for 
timber of this character. 

Measurements of 2,070 trees were taken in 74 stands scattered 
over northern New England and New York, covering a wide range of 
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mbcttire, aee, site, and density. In stands in which any of the three 
species xmder study were present in mixture, samples were taken of 
each species. Except that obviously deformed or abnormal individ- 
uals were eliminated and an effort was made to cover the range of 
sizes present, trees were taken at random in each stand. In addi- 
tion, data from 119 trees, measured by Meyer (S) as samples in con- 
nection with his study of yield of second-growth spruce and fir in the 
Northeast, were incorporated into this study. The distribution of 
these measurements of 2,189 trees among the various species and 
types of growth is shown in table 1. 


Table 1, — Basis for statistical analyses of trees 


Type of growth 

Red 1 
spruce 

White 

spruce 

Balsam 

flr 

1 All 
species 

Even aged - 

Number 

664 

345 

Number 

601 

Number 

347 

232 

Number 

1, 612 
577 

Old growth - 

Total - 


1,009 

1 

601 

579 

2,189 



The ra^es of age, site, and density covered by the samples for 
each species from the 74 different stands are shown in tables 2, 3, 
and 4. 

Table 2. — Distribution of sample stands by age classes 


Age (years) 

Retl 

spruce 

White 

spruce 

Balsam 

flr 

Age (years) 

Red 

spruce 

i 

White 

spruce 

Balsam 

flr 

10-19. 

Number 

1 

1 

H 

3 

6 

5 

2 

2 

Number 

1 

3 

9 

H 

i 3 

3 

1 

Number 

100-109 

Number 

1 

Number 

Number 

1 

20-29 

2 

4 

6 

1 

1 

110-119 - 


30-30 

1^129 




40-40. 

130-139 

1 


1 

50-59 

60-69 

70-79 

80-89 

90-99 ... 

Even-aged stands 

Old-growth stands 

Total 


31 

1? 

28 

0 

17 

11 

48 

28 

28 






Table 3. — Distribution of sample stands by site classes 



Even-aged 

i‘Id-prowth 

Site index > 

Red 

White 

Balsam 

Red 

Balsam 


spruce 

spruce 

flr 

spruce 

flr 


Number 

Number 

Number 

Number 

Number 

30-34 

1 



1 


35-39... _ 

3 


1 

2 

2 

40-44 

5 

2 

5 

2 

2 

45-49- 

9 

7 

2 

2 


60-54 

8 

9 

2 

6 

6 

66-59 - 

1 

6 

4 

2 


60-64. 

3 

4 


2 


65-69 

1 






Total 

31 

28 

17 

17 

If 


J Based on average height of dominant trees and red spruce nation ewvw^^ 


index of stands without red spruce expressed 
heights 7 percent and balsam flr height^ 9 pei 


on basis of red spruce height growth by reducing white spru^ 


percent. 
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Tablk 4. — DistriblUion of sample stands by total number of trees per acre 


Trees per atsre (number) 


Even-aged 


Red 

spruce 


White 

spruce 


Balsam 

fir 


Old-growth 


Red 

spruce 


Balsam 

fir 


100-lW 

200-2C9 

800-899 

400-499 

800-699 

600-699 

700-799 

800-899 

900-999 

1.000- 1,499.. 

1.600- 1,999.. 

2.000- 2,499.. 

2.600- 2,999. . 

3.000- 3,999.. 
4,00(^4,999.. 

Total. 


Number 


Number 


Number 


Number 

1 

6 

3 


31 


28 


Number 


Mbaburbments Taken 

In each stand in which measurements were taken a tally was ob- 
tained, either on a random strip survey or a rectangular sample plot, 
of the number of trees of each species by diameter classes. De- 
scriptive notes covering history and general condition of the stand, 
underbrush, ground cover, soil, slope, injuries, site, etc., were also 
taken. 

On each tree to be measured an estimate of fonn-point height as a 
percentage of total height was obtained with the aid of a hypsometer 
of the Christen type. Notes of crown class and shape of tip — flat, 
roimded, or pointed — ^were also made. In stands where the trees 
were being cut, total height and crown length were obtained with the 
tape as soon as the trees were felled; in stands where no cutting was 
being done, total height was measured with a Faustman hypsometer, 
and crown length as percentage of total height was measured with a 
Christen hypsometer. Heights were read to nearest foot. On each 
tree, age was obtained either from ring count on stump or from in- 
crement borings, usually taken 2.5 feet from the groimd. Diameter 
measurements were obtained at stump (if cut), at 2.6 feet from 
ground, at breast height, and at one-twentieth, one-tenth, two- 
tenths, tlmee-tenths, and each succeeding tenth of the stem between 
breast height and top as far as it was practicable to measure. On 
trees that were not cut, the taper measurements were not taken fur- 
ther than the seventh tenth above breast height. Measurements 
were taken with diameter tape to nearest tenth of an inch. At each 
point of diameter measurement thickness of bark was ascertained 
either with a hatchet and rule or by the use of a Swedish bark borer. 

In a number of stands in which measurements were taken while 
pulpwood peeling operations were in progress diameter measurements 
inside bark were obtained directly from the peeled stems. In all 
such cases, breast-hdght diameter outside bark was taken and bark 
thickness was measured with the borer before peeling to provide a 
check on the accuracy of the bark borer. 
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Accuracy or Bark-Thickness Measurements 

Analysis of 156 measuiements taken on red spruce at time of peeling 
indicated that with the Swedish bark borer the thiclmess of bark of 
this species is underestimated, especially in old-growth timber. The 
standard error of the estimate of diameter inside bark from tapo 
measurement outside bark reduced by use of the Swedish bark borei 
was ±0.16 inch, and the average error was +0.07 inch. In 83 cases 
the errors in diameter were positive; in 25, negative; and in 48, no 
errors were indicated. The diameters included ranged from 6 to 23 
inches. 

From 33 balsam fir trees measured in this way no consistent bias 
was observed as a result of the use of the Swedish bark borer. The 
standard error of the inside bark diameter estimates was ± 0.08 inch. 

Because a change froin hatchet and rule to Swedish bark borer for 
determination of bark thickness was made after the first season’s field 
work in this study, and because considerable differences appeared in 
the bark-thickness and butt-swell relations obtained from the data 
for the first 2 years, it seemed necessary to investigate the relative 
accuracy of the two methods of measuring bark thickness. 

Measurements were obtained on 162 red spruce trees selected from 
a variety of stands in western Massachusetts, including both old 
growth and second growth. Diameters outside bark were taken with 
diameter tape. The bark of each tree was first measured with the 
Swedish bark borer at two points as nearly opposite as possible. The 
bark at points of measurement was then notched with a hatchet, and 
an average reading to nearest 0.05 inch was made with a steel rule. 

The difference in double bark thickness was calculated for each 
point of measurement. These differences were grouped and averaged 
according to the diameters of the trees. 

For the entire sample of 324 measurements the bark borer gave a 
double bark thickness averaging 0.077 inch greater than that given by 
the hatchet and rule. The aifference tends to increase with the 
diameter of the trees, the coeflScient of correlation being 0.456 + 0.044. 
The average difference does not exceed 0.1 inch of double bark until 
trees are 13 inches d. b. h.,* and does not account for more than 
one-third of the spread noted in the bark-thickness and butt-swell 
relations of the data for the first 2 years of this study. On the 
whole, therefore, no importance need be attached to the difference 
between the two methods of measurement. 

It seems quite certain, however, that the borer does give higher 
results than the hatchet and rule. Since it has been shown above 
that even the bark borer underestimates bark thickness in red spruce, 
it may be assumed that the bark borer gives the more accurate esti- 
mate of actual diameter inside bark. That the borer should be 
superior from this point of view is also evident from the fact that the 
bearing of the borer on the bark is directly comparable to the bearing 
of the caliper arm or tape, and the danger of flaking off is very shght. 
On the other hand, if the object is to get a true picture of actiml 
thickness of bark, without respect to diameter measurements, the 
hatchet and rule, when carefully used, may be preferable. It is sm- 
prising how strongly the readmg of the bark borer is affected by 
projections and irregularities of no real significance in judging actual 


> Diameter breast high. 
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thickness of bark. Errors and abnormalities all tend to affect the 
reading in the same direction, so that there is no compensation what- 
ever except the chance that the borer is not driven to the wood, and 
with careful manipulation there should be no danger of this. With 
the hatchet and rule, however, the bark is expose in cross section 
for 2 or 3 inches and a reliable figure can be ootained if proper care 
is taken to avoid losing bark scales in chopping. 

OFFICE WOBK 

Preliminabt Calculations 

A taper curve of diameter inside bark and height above ground was 
plotted for each tree. Wherever the reverse curve of the root swell 
extended above breast height the normal convex curve of the middle 
portion of the stem was continued downward to breast height, and 
from this was read the “normal” diameter of the tree. Whenever 
the measurement at half height was clearly erratic or out of line 
with those above and below, it was modified by reading a new value 
from the smooth curve drawn through the other points. From the 
figures thus obtained the amount of butt swell at breast height, the 
normal form quotient, and the percentile tapers of each tree were 
computed. 

For each separate locality or stand the average age, form quotient, 
form-point height, and average height of dominant and codominant 
trees were computed from the trees measured in that stand. The 
standard deviation of the form quotients of the trees measured in 
each stand was also calculated. For each stand the total number of 
trees per acre, the number of trees more than 3 inches in diameter, 
and the percentage of each species were calculated from the strip 
survey or sample-plot tally sheets. 


Check on Form Curve and Butt Swell Allowance by Localities 


To aid in analyzing errors in volume tables, check the graphical 
elimination of butt swell and obtain further information upon the 
differences in average form curve in stands of different characters, a 
study was made of the fit of the material from each locality to the 


formula y== in which y is the ratio of the diameter at distance 

X from the tip to the normal diameter at breast height, the distance x 
being expressed as percentage of total height above breast height. 


This formula when converted to* the form -==a+bx, becomes the 

y 


equation of a straight line. 

For this purpose the percentile tapers of all the trees of each species 
in a locality were averaged and values of xjy were computed for the 
resulting average taper series. These values were then plotted xjy 
on X and conformity to a stra%ht line noted. 

The butt-swell eliminations were generally satisfactory, as shown 
by the breast-height point of the averages falling in line, and no good 
reason was foimd for modifying the graphs of the individual trees in 
the case of a few averages in which the results were not exact. There 
is, perhaps, a tendency to overestimate the butt swell in stands of 
very low form quotient. • 
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The fit of the form curve in even-aged red spruce was good in 
general, but there was some tendency for the upper sections to fall 
below values given by the formula. The same applied to the old- 
growth red spruce, in which, however, the falling off in the tops was 
somewhat more common and more pronounced. 

The even-^ed balsam fiir fitted veiy well in general, except in the 
swamp localities where the tops fell below the formula. In old-' 
growth balsam fir the form curve varied systematically from the 
formiila, the diameters beii^ relatively larger below the mid-point 
and smaller above, resulting in a characteristic S curve for the plotting 
of x/y on X. Since the excess volume below the mid-point offsets the 
d^iency above, the effect on cubic volume is of no greater impor- 
tance than in the cases of red spruce and even-aged balsam fir, wmch 
fitted better. 

White spruce, on the whole, fits the formula better than either of 
the other two species. With this species the minor variations appear 
to be more or less definitely related to certain stand characters. Old- 
field stands fit very well when uniformly stocked. In extremely 
irregular stands the diameters in the tops do not hold up to the 
formula values, and in fully stocked natural second growth not of 
the old-field type the tops exceed the formula somewhat, except in 
the very young age classes. 

The average taper series for each locality was then plotted x* on y 
and the corresponding absolute form factor obtained by planimeter- 
ing the area under the curve. The differences between the actual 
absolute form factors thus obtained and the absolute form factors 
based on the formula corresponding to the average form quotients of 
the localities were then used to evaluate the effect of vanation from 
the formula in terms of volume. S^nificance of errors was computed 
on the same basis as outlined in connection with table 6 of the writer's 
previous paper (S, p. 716). Any error was considered s^nificant 
which exceeded the probable error in volume resulting from normal 
variation of upper diameters within a form-class range of five units 
as calculated for the number of trees in the sample. 

In general the fit was good and the significant volume errors ran 
above 2 percent in only a few cases. A summary of the results is 
given in table 5. 

Table 6. — Number of stand samples exhibiting significant volume errors of various 
tnagnitudes when measured by formula V~ 



Even-aged 

Old-growth 

All 

Significant volume errors (percent) i 

Red 

spruce 

White 

spruce 

Balsam 

fir 

Red 

spruce 

Balsam 

fir 

stands 

0 


Number 

12 

Number 

7 

Number 

3 

Number 

3 

Number 

41 

37 

21 

0.1-1.0 


13 

8 

5 

7 



2 

1 

7 

1 



0 

1 

2 

0 


3.1-4.0 


1 

0 

0 

0 

2 

Total 


28 

17 

17 

11 

104 








* Krrors In mcoms ot problld« nrror naalCng from nonnM variation of uppar diamatars vitbln a form^ilan 
tsage ots onttv. 
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Coding and Machine Tabttdation fob Mdltipls-Cobrblation Studies 

To facilitate sorting and tabulating by the use of punch cards and 
Hollerith automatic machines, all the data to be used in multiple 
correlation calculations were coded. Species, loc^ties, types, and 
crown classes were given arbitrary numbers to permit sorting on these 
factors, and the values for all the other variables were grouped so 
that the entire range would be included in from 1 0 to 30 code numbers. 

The average height of dominant and codominant trees of red spruce 
at 60 yearn of age according to Meyer {8) was used as the basis for 
site classification of the various stands. Stands in which no red 
spruce occurred were converted to the red spruce standard by reduc- 
ing heights of white spruce 7 percent and of balsam fir 9 percent, 
these factors also havm^ been determined by Meyer in connection 
with his study of the yield of these species. For coding, the site 
indices were grouped into classes of 2 feet each. 

Average heights of dominants and codominants were grouped into 
classes of 3 feet each. Numbers of trees per acre were coded in 
hundreds, and average ages were coded in groups of 6 years each. 
The standard deviations of form quotients in each stand wore grouped 
into classes of 0.2 units each. 

The crown lengths of the individual trees expressed as percentages 
of total height were coded in 10-percent groups. Form quotients 
were thrown into groups of 3 units each, and form points, calculated 
down from tip in percentage of total height, were grouped by 5 units 
e^h. Total heights were coded in 5-foot groups, and breast-high 
diameters in even inch classes. Double bark thickness, butt sw^, 
and the sum of these two factors were coded directly in tenths of 
inches. 

The procedure outlined by Smith* for the solution of multiple 
correlation problems from punch-card tabulating-machine data was 
used throughout. In this work each species was kept separate, and 
old growth was kept separate from second growth. A list of all the 
data on all the cards was also run off on the machine to be used in 
checking errors in card punching, etc. 

Smith’s procedure for obtaining the coefficient for normal equations 
consists of the following steps: 

1. Obtain mean of each variable from sum of all values and the 
number of observations. 

2. ^rt cards on first variable and tabulate the sums of all variables 
by this classification with count of numbers of observations in each 
class. 

3. Multiply sum of each variable by^ class value of the sorted 
variable and add the products thus obtained. This gives the factors 
sum A^, sum AB, sum AO, etc., from the arbitrary origin 0.0. 

4. Sort cards on second variable, and in same manner as for first 
sorting obtain the factors, sum AB, sum B^, sum BO, etc. 

5. Kepeat for all remaining variables. 

♦ Smith, B. B. the use of punched card tabudatino equipment in multiple correlation 
PROBLEMS. U. S. Dept. Agr. 24 pp. 1923. rMimeograpbed.] 
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6. For each of the above sortings, multiply sum of sorted variables 
by means of all others. This gives products of the form sum /. y, 

which is equivalent to NiXoV,) since - In this notation the 

subscript “o ” denotes the mean. 

7. Subtract i)roducts obtained in 6 from corresponding product 
sums obtained in 3, 4, and 6. This gives the product sums about 
the means of the variables as origins, and these are the coefficients 
needed for the solution of multiple-regression equations. 

The procedure as given by Smith assiimes that fbr any observation 
of one variable there will be corresponding observations of all the 
other variables imder consideration. In assembling the data for this 
study there were a number of instances where observations on certain 
of the variables were not available. For this reason it Wame neces- 
sary to modify the calculation of the coefficients for factors involving 
these variables. 

Adjustment of Calculations fob Variables with Incomplete Data 

Using a general notation in which x— a variable for which a smaller 
number of observations, A^', is available than in the case of y and 
other variables in the study, for which we have N observations, steps 
3, 4, and 5 outlined above will give factors of the form sum com- 
posed of only AT ‘ products in all cases involving the short variable x. 

For step 6 in the above outline with respect to variable x, determine 

first the true mean of this variable, which will be — Then 

obtain from the machine tabulation in which the sorting was done 
according to x the sums of the other variables for observations actually 
paired with observations of x. Multiply these sums by the actual 
mean of the variable which will give factors of the form N^^ix^yo)^ 
These are to be subtracted from the products sum xy obtained in 
steps 3, 4, and 5. In order to use the coefficiens thus obtained on 
the basis of observations in multiple correlation with other vari- 
ables whose coefficients are based on iV observations we must assume 
that the magnitude of the coefficients would be proportional to the 
number of observations. The coefficients for all factors involving 

N 

the variable x must therefore be increased by the factor This 

assumption should not involve much danger so long as is not much 
smaller than N, 

If more than one variable is incomplete, special care miist be taken 
to use the proper figures in the calculation of the coefficient for the 
product of a pair of short variables. The correct number of cases 
in which the two short variables are actually paired must be ascer- 
tained, and this must be used to obtain, in conjunction with the sums 
of the variables in these cases, the true means of the variables, and 
also in making the final adjustment of the coefficient to place it on the 
basis of N observations. 

In the present study this adjustment had to be made in the cases 
of crown length and form quotient based on the entire stem, but 
since the latter was not used in the final analyses, it affects only 
those relations in which crown length appears as a factor. 
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FACTORS OP AVERAGE FORM OP STANDING TIMBER 

VARUBILITY OP FORM QUOTIENT 

The present study substantiates the conclusions drawn in a previous 
paper {£) that a standard deviation of about ±4.6 units wul apply 
quite generally as an average representation of the variability of form 
quotients within a stand. The range of variability foimd among the 
stands measured was quite high, as might be expected with figures 
for each stand based on only 20 trees (table 6). 

Table 6. — Variability of form quotients in stands 


Type and species 

Stands 

Average of 
standard devi- 
ation of form 
quotients in 
stands 

Range of Stand- 
ard deviation 
of form quo- i 
tients in stand 

Standard de- 
viation of form 
quotients of in- 
dividual trees 
from all stands 

Even-aged stands: 

Rea spruce 

Number 

31 

4. 71 

3. 0-6. 7 

7.52 

White spruce 

28 

4 24 

2 8-6.6 

7. 57 

Balsam flr 

17 

3.92 

2. 3-6. 0 

5. 30 

01d-|TOWth stands: 

lied spruce - 

16 

4.58 

3 2 5. 6 

5.22 

Balsam fir 

11 

4.80 

3. 2-6. 4 

5.63 



The variability of form quotients in stands does not seem to be 
associated very closely with any factor which can be readily evaluated. 
The variability tends to decrease as the number of trees per acre 
increases and as age increases. Variability is usually less in stands of 
high average form quotient than in stands of lower average form 
quotient. In the case of even-aged red spruce and balsam fir the 
number of trees per acre has more influence on variability of form 
quotients than has age, site, or average height, but for white spruce 
age is the most important factor. 

DETERMINATION OF AVERAGE FORM BY FORM-FOINT METHOD 

In the application of the form-class volume-table system in Sweden 
the form-point method has been used for estimating the average form 

Q uotient of the various stands. The form-point method has been 
escribed in detail by Jonson (7) and outlined by W]%ht (9) and 
Behre {2). In his previous paper (2) the writer worked out in detail 
the application of the form-point relation for western yellow pine, 
now Imown as ponderosa pine, and preliminary functions for red and 
white spruce and balsam fir were prepared for use by Meyer (8) in 
connection with his yield tables for these species. Wright (9) gives 
rectilinear form-point relations for white spruce, black spruce, and 
balsam fir, but since in each case these are based on the data from 
only one locality, and since they take no accoimt of curvature, they 
cannot have any general significance. It has been foimd that species 
differ in their relations between form point and form quotient, so 
that in this study separate relations were worked out for each of the 
five sets of data. 

In previous work rectilinear relations have been used even though 
some curvature was' indicated, but it now appears that the curvature 
is not only consistent in aU species and usually of sufficient lunount to 
affect materially the accuracy of estimate, but that it is associated with 
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definite growth conditions and, therefore, should be taken into 
account. The relation between form point and form quotient in 
general is such that the closer the form point lies to the tip of the 
tree, the higher the form quotient. When averages of a large numW 
of trees are plotted, however, it will be found Aat very little if any 
increase in form quotient will accompany a movement of the fomi 
point closer to the tip than 25 wrcent of the total height. In fact, 
especially with white spruce, it will be found that form points extremely 
close to the tip are often associated with relatively low form quotients. 
In the field it will be observed that trees on which the form point as 
usually defined falls within 15 percent of the tip are commonly tall, 
slim, intermediate trees with thin-foliaged crowns of very limited 
development. These trees are generally closely sheltered by adjacent 
crowns, and the crown surface presented to the wind is so small in 
comparison with crowns of more normally developed trees and in 
proportion to their total area including bole that it ceases to be the 
dominant element in determining form quotient. That relatively low 
form quotients should be associated with the narrow crowns of these 
trees in spite of extremely high form points is in accord with the 
findings of Gevorkiantz and Hosley (4), which indicate that form 
quotient may be estimated accurately from crown length and width. 

The form-point relations are presented in figures 1 and 2, and the 
accuracy of estimates of form quotients from these curves is shown 
in table 7. 


Table 7. — Accuracy of estimates of form quotients from form point 


1 

i 

! 

Standard 
deviation 
of form 
quotients 

Accuracy of estimates 
of form quotient of 
single trees from 
form-point curves 

Standard error 
of estimating 
average form 
quotient of 
stand from 
measurement of 
form iioint on 

20 trees » 

Number of trees 
required to 
attain standard 
error of average 
form quotient 
Inot over ± 1 unit ‘ 

Type and sitecies 

1 

Stand- 

ard 

error 

Aliena- 

tion 

index 

Inde.\ 

of 

deter- 

mina- 

tion 

Even-aved stands: 

Red spruce - 

7.52 

5.00 

0.66 

0.56 

1.54 

48 

White spruce. 

7.57 

5.04 

.67 

.55 

1.47 

44 

Balsam flr - 

5.39 

4.28 

.79 

.38 

1.30 

34 

01d*»owth stands: 

Red spruce 

5.22 

! 4.72 

.90 

.19 

1.47 

i !! 

Balsam fir 

> 5.63 

4.52 

.80 

.36 

1.47 

1 44 





1 


1 Based on formula 5^aa:i 
in which— 


V SDx*+8D(t^ 
N 


oji^averaffe of observed deviations, 
j-true deviation from table 6, column 3). 
d^error of observation from column 3. above). 
iV*» number of observations. 
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FORM POINT-nSTANCE FROM TIP IN PERCENT OF TOTAL HEIGHT 

Figure 1 . —Relation of form quotient to form point in even-aged stands: A, Red spruce; B, white spruce; 

C, balsam flr. 
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It will be seen from table 7 that although the standard errors * of 
estimating the form quotients of individual trees from the form-point 
relations vaij less than one unit between the five sets of data, yet 
there is a big difference in the alienation indices* because of con- 



FORM POINT -DISTANCE FROM TIP IN PERCENT OF TOTAL HEIGHT 

Figure 2.— Relation of form quotient to form point in old-growth stands: Red spruce; B, balsam fir. 


siderable difference in the initial variability of the form quotients. 
Thus, although the use of form point reduced the variability of 


* The standard error of estimate is the standard deviation of the differences between the actual vi^ues 
of the dependent variable and the corresponding values as estimated from a curve, a regression equation, 
or an alinement chart. It measures the variation about the average relatioi^lp in a^lute terns. 

* Alienation indices are used in this study as the primary measure of correlation. The alienation index 
is the ratio between the standard error of estimate of a dependent variable from any set of independent 

varinbles and the original variation of the dependent variable; thus When the relation- 


ships are rectilinear the term “alienation coefBclent” is used instead of ^enation index. The alieiwt^n 
index is an abstract measure of the degree of relationship. Its chief meiit is the fact that it gives a dirwt 
percentage measure of the improvement in estimating one factor from any functional relaf^nship in which 
it may be involved. The tnuex of determination is perhaps a better measure of the proportion of varjaUon 
of the de^ndent variable whichda associated with the indei^dent factors 

any problem. The Index of determination is the square of the index of correlation and its relation to we 
alienation Index Is such that CP-f In this ^per indices of determination arc given in each table 

along with alienation indices, in order to facilitate interpretation, no matter which measure the reader is 
Bcouatomed to use. 
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estimate of individual form quotients about one-third in the case of 
even-aged red spruce and white sprace it fails to account for more 
than one-tenth of the error of estimate of form quotients in old- 
growth red spruce. On the other hand, it has been fotmd (table 6) 
that the variability of form quotients in any single stand of old-growth 
red spruce will be about 4.6 units. The total variability of all the 
old-growth red spruce data was only 5.22 units, which, being so near 
4.6, indicates that there could not have been any great difference in 
the average form of the various stands measured as compared to the 
even-aged stands, the data from which showed a total variability of 
7.52 units. 

With these species, just as with ponderosa pine (;?), form point 
must be measured on approximately 45 trees in order that the standard 
error of the average form quotient be kept down to ± 1 unit. 

DETERMINATION OP AVERAGE FORM PROM STAND AND TREE FACTORS 

One of the principal objects of this investigation was to find out by 
statistical means whether form quotient was associated closely enough 
with any of the characters of the stand or of the trees so that it could 
be derived from measurements that are usually obtained during the 
course of a cruise or tally of a sample plot. This would eliminate the 
necessity for introducing a new conception like the form point, which 
requires special attention in the field and is not subject to exact 
determination even when well imderstood. 

The characters of the stand that lend themselves to numerical evalu- 
ation for this purpose are site index, average height, number of trees per 
acre, and age. Average height of dominant and codominant trees 
and number of trees 3 inches and more in diameter were selected as 
the best measures for expressing height and 'density respectively. 
For purposes of studying form, basal area per acre is of little value as 
an indication of density because, at a given age, density and average 
form may vary widely without much change in total basal area. 
Basal area tends to remain constant because an increase in average 
size accompanies reduction in number of trees per acre. Number of 
trees 3 inches and more in diameter was found by statistical tests to 
be superior to total number of trees per acre for form studies, probably 
because it eliminates the comparatively large number of smaller trees 
in young stands that have ceased to exert any real influence on 
development of the future stand. 

The measurable tree characters that may affect form quotient are 
diameter^ height, length of crown, width of crown, and crown class. 
In planning this study it was thought that width of crown would be 
impractical to measure in the field, because of irregularity of crown 
outline, interlacing of adjacent crowns, and inaccessibility or in- 
visibility of TOints of measurement, so no data were obtained on 
this factor. In the light of subsequent work in northern white pine 
by Gevorkiantz and Hosley (4) indicating the usefulness of crown 
width measurements in conjunction with crown or dead length, it is 
to be regretted that these measurements were omitted. 

Analysis of Tree Factors 

Correlation calculations involving various combinations of both 
stand and tree characters were used as a means of determining how 
each numerically measured factor is related to form quotient and 
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which of these factors have simificant influence on the variation of 
form quotients among the individual trees. From multiple regres- 
sion equations ’’ involving ail the variables and affording some pre- 
liminary idea of the relative weight of each factor, it appears that 
diameter breast high, height, crown length, and site are the most 
important factors. 

Multiple correlations involving form quotient and the four factors 
mentioned above were computed for the even-aged material and 
corrected for curvature by the method of Bruce and Reineke (3). 
The alienation indices and indices of detenninatiou nre given in tables. 
They represent the highest practical degree of accuracy that may be 
attained in the estimation of form quotient of individual trees. Tliey 
mean that diameter breast high, height, crown length, and site to- 
gether may account for 64 percent of the variability of individual 
form quotients in even-aged red spruce, for 66 percent in white 
sprace, and for 42 percent in even-aged balsam fir. More than a 
tWd of the total variability of form quotient is apparently associated 
with other factors and probably is not readily susceptible to numerical 
evaluation. 

Table 8. — Accuracy of estimates of form quotients from individual ire: factors 


Factors with which form quotient is correlated 


Type and species 

Diameter breast 
high, height, , 
crown percent, 
and site index 

Crown iwcent 

Diameter and 
height 

i 

Diameter, 
height, and 
crown iieroent 

Aliena- 
tion 
index i 

Index of 
deter- 
mina- 
tion > 

Aliena- 

tion 

index 

Index of 
deter- 
mina- 
tion 

Aliena - 1 
tlon 
index 

Index of 
deter- 
mina- 
tion 

Aliena- 

tion 

index 

Index of 
deter- 
mina- 
tion 

Even-aged stands: 









Red spruce 

0 60 

0 64 

0.69 

0 53 

0.73 

0.46 

0.64 

0.59 

White spruce 

.58 

.66 

.62 

.61 

.64 

.69 

.58 

.66 

Balsam fir 

.76 

.42 

.81 

.35 

.81 

.34 

.76 

.42 

Old-growth stands: 








i 

Red spruce 



.88 

.23 

.90 

.20 

.80 

i .36 

Balsam fir 

. 

! 


.75 

.44 

.88 

.23 

.76 

.44 


Vl'-CA 
C7* 


Study of the regression coefficients ® and curves of net regression » 
in the several multiple correlations worked out show that diameter 

^ KectUinear functions fitted to the data by the method of least squares. Multiple regre^ion eqimtions 
express the function of a dependent variable in terms of any number of indeixjndent variables, without 
allowing for curvature in any of the individual relationships. They take the general form 

*^n a reg^ion equation of the form y»orj-f&rr}“cr8+ . . . +iV, the constants 
gression coefllcients of the several variables. The relative weight of ea^ variable is indica^d ® 
way by the sise of these coefficients in relation to the absolute values of the different variables. Obvj^^y 
the value of y in the regression equation will be more strongly influenced by a variable wiUi * 

Sion coefficient than by one of ^ut the same absolute value with a low regression coeffident. On the 
other hand, a low regression coefficient for a variable of large absolute val^s may have 
a large regression coefficient for a variable which never attaln.s a high absolute value. 

regression curves are obtained by plotting the r^iduds of wtinmtes of 'rrK? 

multiple regression equation around the original net regression line 

of curvature^ and doseness of fit of the net regression curv^ afford some indl^tion of relative weight of the 
variables and may be used to supplement a study of the regression coeffieienfs. 
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and height have substantially greater weight than the other factors 
but, having opposite signs, tend to compensate. This compensation 
is especially significant because there is a close association between 
diameter and height. 

Examination of the deviations from the net regressions of form 
quotient on height indicate that form quotient increases rather rapidly 
with height until trees are about 40 feet tall, after which there is little 
further increase except in the case of white spruce, where it continues 
at a lower rate. 

Data sorted by diameter classes show form quotients to be at a 
maximum at about 7 inches diameter in even-aged stands and at 8 or 
9 inches in old growth. In the even-aged data the slope away from 
the maximum in either direction is relatively steep, each inch of 
diameter indicating a decrease of from 1 to 2.2 units of form quo- 
tient. In the old-growth data this decrease is much more gradual. 
The same tendencies appear in the plotting of deviation from the net 
regression of form quotient on diameter in multiple correlation with 
other variables. 

This indication of a definite correlation between form quotient and 
diameter deserves further consideration, because previous work (#) 
had indicated that within stands the correlation between diameter 
and form quotient was so slight that an average form quotient could 
be safely used for the entire stand. 

In order to study this point further, it was necessary to correlate 
deviations from mean form quotient with deviations from mean 
diameters within stands rather than to consider the association of 
form quotient with diameter breast high for the entire mass of mate- 
rial. Since the trees measured in each stand were arbitrarily selected 
to cover the range of sizes and crown classes exhibited rather than to 
give a weighted average for the stand, it was deemed advisable to use 
approximate median values as the basis for this calculation rathei 
than the average of the trees that happened to be imdudcd in each 
stand sample. A composite sample of 5 to 10 stands taken at random 
from the available data was used for each species. In each case a 
significant but small negative correlation was obtained. The results 
are summarized in table 9. Although only 4 to 19 percent of the 
variation of the individual form quotients, as judged by the coefficients 
of determination, is associated with the size of the trees with reference 
to the medians for each stand, yet there will generally be a range of 
6 to 15 units between the average form quotient of the smallest trees 
in a stand and the average of the largest. This is consistent with 
Wright findings (S), although the differences he observes are exag- 
gerated by the fact that root swell at breast height lowers the form 
quotients of the larger size classes abnormally in his calculations. 

Similarly, if deviations from mean form quotient in each stand are 
averaged by crown classes there appears a definite tendency for the 
dominant trees to be lower in form quotient than either codominant 
or intermediate trees. Suppressed trees also average lower than inter- 
mediates, but not generally as low as the dominants. This tendency 
is most pronounced in red spruce where there is a range of between 2 
and 3 units of form quotient between the dominant and codominant 
or intermediate trees in both old growth and second growth. It is of 
no significance in white spruce, where the range is only about 1 unit 
of form quotient. 
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Tabls 9. — Correlatim of form quotient with diameter within stands 



Coeffi- 1 
eientof 1 
C01T6la> { 
tion 1 

Standard 

Coeffi- 
cient of 
determi- 
nation 

Aliena- 
tion co- 
efficient 

Regres- 
sion co- 
efficient 

Approxi- 
mate range 

Basis 

Type and species 

1 

error of 
coefficient 
of correla- 
tion 

of average 
form ouo- 
tlent by 
diameter 
classes 

Stands 

Trees 

Even-aaed stands: 

Red spruce 

-0. 439 

=fc0.067 

0.168 

asos 

-1. 131 

15 

Number 

10 

Number 

200 

White spruce 

-.377 

d=.08l 

.142 

.026 

-.825 

9 

10 

201 

Balsam fir 

415 

=b.063 

.172 

.910 

-1. 124 

8 

6 

100 

01d“growth stands: 
Red spruce 

-.420 

±.m 

.178 

.908 

-.688 

12 

5 

i 100 

Balsam fir 

-.206 

rb.061 

1 .042 

.979 

-.668 

8 

6 

139 


If the data are sorted by crown classes without respect to the 
individual stands, this tendency appears to be more pronounced, 
dominant trees averaging from 3 to 5 units lower in form quotient 
than intermediate trees, with the codominant class generally between 
these extremes. In no case, however, does consideration of crown 
class reduce the variation of form quotients more than 5 percent. 

The variation of form quotients within stands is also associated 
with differences in the crown lengt^ of the individual trees. When 
deviation from median form quotients within stands are correlated 
with deviation from median crown percentages, it is found that the 
longer the relative length of crown the lower the form quotients 
(table 10). For red spruce and white spruce the trees with shortest 
crowns will average 7 to 8 units higher in form quotients than those 
with the longest crowns in the same stand. With even-aged balsam 
fir this relation has no significance, while in old-growth balsam fir 
it is much more definite than on either of the other species. This is 
interesting when considered in relation to table 9, in which old-growth 
balsam fir shows the least significant relation with diameter. 


Table 10. — Correlation of form quotient and crown percent within stands 


Tyi)es and species 

Coeffi- 
cient of 
corre- 
lation 

Standard 
error of 
coeffi- 
cient of 
corre-,»< 
lation 

Coeffi- 
cient of 
deter- 
mination 

Alien- 

ation 

coeffi- 

cient 

Regres- 

sion 

coeffi- 

cient 

Approx- 
imate 
range of 
average 
form 
quotient 
by crown- 
percent 
classes 

Basis 

Stands 

Trees 







Form quo- 

Num- 

Num- 

Even-arad stands: 






tient units 

ber 

ber 

Rea spruce 

-0. 367 

=b0.061 

0,136 

0.930 

-0.161 

7. 5 

10 

200 

White spruce 

375 

±.061 

.141 

.927 

-. 166 

8.0 

10 

201 

Balsam fir 

-.110 

±.090 

.012 

.994 

-.045 

1.5 

5 

100 

Old-growth stands: 









Red spruce 

-.302 

±.090 

.091 

.953 

-. 134 

7 

5 

102 

Balsam fir 

-.450 

±.068 

.203 

.893 

147 

I 

6 

8 

139 


Crown percent is the only factor showing any appreciably crude 
correlation with fonn quotient when all the data for each species are 
thrown together; and indeed when the function is curved (figs. 3 and 
4) the result is slightly better than when estimates of form quotient 
are based on diameter and height together (table 8), and about the 
same as that obtained by the use of form point (table 7). Wright {9) 

S6799— 38 2 




f>0RI4 qOOriENT FORM QUOTIENT FORM OOOTXNT 


m 


Journal <J Agrieultwral Beoetui^ 







3.*-'Belation of fonn quotient of indlyldual frees to crown length In eren<oged stands: At Bed 
spmoe; B, white spruce; Cp balaam fir. 
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and Hedeby (5) also conclude that relative length of crown afforded 
as satisfactory a basis for estimating form quotient as the form point. 
Form quotients generally reach a maximum in trees with crown 
lengths about 40 percent of total height. With crowns longer than 



LENGTH OF CROWN IN PERCENT OF TOTAL HEIGHT 

Fiovbx 4.— Relation of form quoUent of Individual trees to raown lengtb In old^irowth stands. A, Red 

spruce: B, balsam fir 

this there is a definite and steady decrease of form quotient and, Just 
as was the case for trees with extremely high form TOinte,^ form 
quotients average less than the maximum when crown length is less 
wan 30 to 40 percent of total height. 
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From estimates on the basis of diameter, height, and crown percent, 
it will be seen (table 8) that, for white spruce and balsam fir, the 
results are just as good as when four factors were used, and that for 
red spruce they are within 4 percent of that accuracy. It would 
seem, therefore, that the fourth factor, site index, might be dropped 
as havii^ little influence on form quotient beyond that which may 
be inrolved in the diameter-height-crown length relationship. What- 

D. 


0 



H6 

Fioveb 5.--Aliiienient chart for estimating form quotient of red spruce in even>aged stands from diameter, 
height, and crown length of individual trees 

ever influence site index may have appears to cause trees on poorer 
sites to average higher in form quotient than do those on the oetter 
sites. That there is such a relationship is evidenced by the fact that 
estimates of form quotient based on diameter, height, and site index 
are almost as satisfactory as those based on diameter, height, and. 
crown percent, especially in the case of even-aged red spruce, but it 
has not seemed possible to break down the interrelations between the 
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various factors to show definitely which elements may be the more 
(und^ental. 

Alinement charts for estimating form quotient from diameter 
height, and crown percent are given in figures 5-9, and data inHioaring 


D. 



Fiottrk 6.— AUnement chart for estimating form quotient of white spruce in even-aged stands from diameter 
height, and crown length of individual trees. 


the accuracy of estimates from these charts are given in table 11. 
Tlie results are somewhat better than those obtamed by the form- 
point method (table 7) or from crown percent alone (table 8), but to 
obtain an average stand form quotient with standard error not over 
± 1 unit still requires the measurement of about 40 trees. 



690 


Journal AgrwuUimd Beteairch 


Vo}. no. 8 


C. 


to 


U 

.} 


ft 


i 

i 

i 

Ck 

b 

I 

i 

I 


i: 

9 

-10 

- It 

-I? 

13 


F.Q. 

r73 


t... 

$ 

c: 


5 

o: 

e 


“70 


heo 


^50 


I 


& 


H. 

-eo 

'70 

-60 

-50 

-40 


h30 


h25 


20 i 


30> 


40- 


50i 


60 i 


70 


60 


90 


lOOJ 


If 

g 

s 




§ 

iis 

i| 

I 


K.£y SET 0 AND H, HOLD A. 

SETC. READ F 0, 

FiQUftE 7.-'Alinem6nt chart for estimating form quotient of balsam fir in even-aged stands from diameter., 
height, and crown length of individual trees. 

Table 11. — Accuracy of estimatea of form quotient from diameter hr east highy height, 

ana crown percent 



Standard 
deviation 
of all form 
quotients 

Accuracy^f form quotient 
estimates of individual trees 

Standard error 
of average form 
quotient of 
stand based 
on estimate 
of 20 trees > 

Trees required 
to attain stand- 
ard error of 
average form 
quotient not 
over d=l unit ^ 

Type and species 

Standard 

error 

Aliena- 

tion 

index 

Index of 
deter- 
mination 

Evea*aged stands: 

Bed spruce * 

7.52 

4.81 

0.64 

0.59 

1.51 

Number 

46 

Whit# spruce -- 

7.57 

4.39 

.58 

.66 

1.36 

38 

Balsam fir...... - 

5.39 

4.10 

.76 

.42 

1.27 

33 

Old-jmwth stands: 

Bed iqisuee ^ - -- 

5.22 

4.19 

.80 

.36 

1.39 

39 

Balsam fir 

5.63 

4.24 

.75 

.44 

1.43 

42 


SI> In which— 

» Based on formula ofi-'y 

ari->average of observed deviations. 

true deviation {SVa from table 6, column 8). 

\ error of observation{<SrJOs from column 8 above), 

number of observations. 
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To summarize these observations: It appears that variations in 
form quotient of individual trees are more closelv dependent upon 
crown lengrii than upon any other si^le factor ana may be estimated 
on this basis just as well as by the form-point method. A more 
accurate estimate of form quotient may be obtained by considering 
diameter and height in conjunction with crown percent, and results 

D. 


- 0 



key: set 0 AND H. HOLD A. 

SET C, READ F.Q. 

Figure Q.*— Alinement chart for estimating form quotient of balsam fir in old*growth stfinds from diameter, 
height, and crown length of individual trees. 

of about the same decree of accuracy may be obtained by using 
diameter, height, and site index. 

Within the individual stands there is a slight but definite tendency 
for the larger trees or those with larger crowns to average lower in 
form quotient than the smaller ones or those with short crowns. 
Accuracy of estimates may, therefore, be slightly increased by sub- 
dividing the stand on the oasis of size or crown length. But since 
this relationship is not very definite and since there is a compensation 
in -that absolute form factors are not exactly proportional to form 
quotients {2, 731), it will seldom be necessary to apply this refine- 

ment in practice. 
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AKAI-YSIB OF STAND FACTORS 

Since an average form quotient will generally be used for all the 
trees in each stand, it is desirable to investigate what association may 
exist between the char^teristics of a stand and its average form 
quotient. Such a relationship may be more convenient to use thap 
to estimate form quotient from a number of individual trees. 

Because of the strong relationship already shown between crown 
percentage and form quotient, it is natural to suppose that the average 
form quotient of the stand would be closely associated with its rela- 
tive crown length, which might well be measured as the average crown 

E ercent of the dominant and codominant trees. From table 12 it will 
e seen that 56 to 60 percent of the standard deviation and 81 to 84 
percent of the variance of average form quotients of even-aged stands 
is associated with average crown percentages. The residual variation 
does not seem to be associated with either age, number of trees per 
acre, site index, height, or average diameter. The number of old- 
growth stands for which data are available is too small to yield any 
statistical expression of results, but for old-growth balsam fir only 1 
of the 6 available stands varies more than 2 units of form quotient 
from a straight line fitted to the data. For old -growth red spruce, 
however, the points are more scattered although a similar trend is 
indicated. 


Table 12. — Accuracy of estimate of average form quotient of even^aged stands from 
average crown percent and from age and number of trees per acre more than 3 
inches in diameter 


Si>edes and nuinner of 
stands 

i 

Standard 
deviation 
of average 
form quo- 
tients 

Accuracy of estimates of aver- 
age form quotient from aver- 
age crown percent 

Accuracy of estimates of aver- 
age form quotient from age 
and number of treevS per acre 

Standard 

error 

Aliena- 
tion index 

Index of 
determi- 
nation 

1 1 

Standard 

error 

Aliena- 
tion index 

Index of 
determi- 
nation 

Red spruce, 31.. 

6.32 

2.61 

0.40 

0.84 

2.86 

0.46 

0.80 

White spruce, 27 i 

6.60 

2.75 

.42 

.82 

3.63 

.63 

.72 

Balsam fir, 16 

3.92 

1.71 

.44 

.81 

1.62 

.41 

.83 


Further analysis of the eyen-aged material by Bean's method of 
graphical multiple correliition (f) shows that the average form 
quotient is also definitely correlated with age and number of trees 
per acre. Age is the more important factor, especially in earlier 
years of life. Up to about 70 years of age the average foim quotient 
in even-aged stands of spruce and fir is increasing rapidly. After 
that time red spruce ana balsam fir show little, u any, change in 
form, whereas in white spruce form quotient continues to nse but 
at a slower rate. Wright (9) states that form quotient increases 
with age up to about 50 years. The average form quotient also 
increases as the number of trees per acre of more than 3 inches in 
diameter increases, up to about 1,200. Beyond this density no 
increase is noted; in fact, in the case of balsam fir there is a slight 
tendency for stands with more than 1,200 trees per acre to have 
somewhat lower form quotients. Wright (9) also ob^rved an mcrease 
of form quotient wi^ density (basal area) within certain limits. 
Little improvement in accuracy is attained when average height or 
site index are taken into consideration. 
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Alinement charts for estimating average form quotient from age 
and n^ber of trees per acre of more than 3 inches in diameter are 
given in figures 10, 11, and 12. 

That variations in and number of trees per acre reflect approx> 
imateiy same condition as variations in average crown percent is 
evidenced by the fact that residuals from form quotients estiinated 
ftom crown percent do not appear to be correlated at all with either 
age or number of trees per acre, and that estimates of form quotient 
age and number of trees per acre can be only riightly improved 
by consideration of average crown percent. 

Although these measures appear less accurate (table 12) than 
those based on characteristics of individual trees (compare standard 
errors of estimate with those in table 7 and table 11), the indices of 
determination are fairly high and it is probable that they will be 
just as satisfactory in practice. 

For the mai^-aged and mixed stands of old growth characteristic 
of the spruce-ur forests, averi^e crown percent is the only one of 
these factors having any significance, and, as already mentioned, the 
relation between form quotient and crown percent is not clear-cut in 
old-growth red spruce. However, the old-growth stands included in 
t^ study, as already pointed out (p. 682), show a relatively restricted 
range of variation in average form, and study of the characteristics 
of the individual stands reveals a fairly distinct grouping which 
should make it possible to assign each stand encountered in the field 
to its proper form class by inspection and without any measurements. 
Thus, old-growth red spruce falls into two groups as follows; 

F. O. 73 applies to old-growth red spruce in closed stands quite 
generally, whether pure or in varying mixtures with hardwoods. 
Swamp types with long narrow crowns and drooping branch habit 
(black spruce) also fall mto this group. 

F. Xj. 70 applies to heavily culled or broken stands of spruce and 
hardwoods covering a wide range of sites and mixtures. 

With old-growth balsam fir the distinction indicated for red spruce 
does not seem to hold, but all the stands group themselves around 
F. Q. 67, which may be taken as a general average, or average crown 
percent may be used to get a closer estimate. 

This association of fairly constant average form quotient with 
Msily recognized stond characteristics applicable over wide areas, 
is in accomance with previous observations of the writer (S) for 
ponderosa pine and of Wright (5) for northern white pine and black 
spruce. It should be noted that since Wright made no allowance for 
butt swell in the calculation of individual form quotients, it is not 
inconsistent that he should assign slow^rowing black spruce to F. Q. 
68, whereas the writer, having corrected for butt swell, places these 
stands in the F. Q. 73 group. 

COMPABATIVE FORM OF SPECIES 

In studying the conditions in the wide variety of stands included 
m tWs investfeation, it soon became apparent that there were certain 
significant diftermtcM in form between the three species studied under 
identical stond condHions. The dMerences in question are not those 
a^ng from slight variations in type of stem form referred to imder 
Check on Form Curve and Butt Swril Allowance by Xocalities 
(p. 676), but rather represent differences in form quotient or relative 
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taper with the basic stem form essentially similar. Such differences 
are b^t illiwtrated by a comparison of the average form quotients in 
mixed stands. ^ 

Bed spruce and balsam fir occur together quite generally in mixture 
with hardwoods in the old-^owth stands of the region. Red spruce 
and balsam fir are also jfound quite frequently tt^ther in even-aoed- 
second growth. White spruce is absent from old-growth stands ^d 
occurs almost entirely in the even-aged old-field stands of second 
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Fiquri 12.— Alineinent chart for estlmatioK average form quotient of even-aged stands of balsam flr from 
age of stand and number of trees per acre over 3 inches d. b, h. 

growth. It is most commonly found m pure stands, but when in 
mixture is more frequently accompanied by balsam fir than red 
spruce. 

Meyer (S) observed that red spruce would average considerably 
shorter in height than either balsam fir or white sprace in even-aged 
mixtures. When average form quotients are considered it is found 
that red spruce runs about 4 units of form quotient higher than either 
white spruce or balsam fir. The difference between red spruce and 
balsam fir is maintained in old growth as well as in even-aged second 
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^wth, although both species will average higher in form quotient 
m ^owth. Balsam nr and white spruce do not differ appreciably 
in foim quotient wh«ft occurring together. 

These differences are substantiated by examination of the charts 
showing the relations between forni quotient and form point, crown 
percent, or diameter, height, and crown percent together. For the 
range of form points, crown lengths, and sizes most commonly occur- 
ring, the red spruce charts will indicate form quotients higher than 
either balsam fir or white spruce. In the case of charts based on the 
stand factors (age and number of trees per acre) no appreciable 
difference is apparent between red spruce and white spruce, although 
values for balsam fir run lower and appear consistent with the other 
tests cited. 

FACTORS OF BUTT SWELL AND BARK THICKNESS 

The accuracy of estimate of standing timber from volume tables is 
mfluenced by variations in bark toickness and butt swell of the timber 
in question as well as by variations in average form quotient. It is 
important, therefore, to attempt to find out what factors are related 
to variations in bark thickness and butt swell. This is especially 
important where basic form-class tables, such as those advocated by 
the writer, presuppose the elimination of butt swell from the “normal ” 
diameter at breast height. For the use of such tables some basis is 
needed for reducing actual diameter breast high measurements to 
normal diameters. But even when the basic taper tables do not 
assume toe elimination of butt swell, it is necessary to reduce outside 
bato measurements to inside bark diameters, and, since it should 
prove feasible to combine allowance for butt swell with the baik- 
toickness reduction, no extra work is involved in the first instance. 

In this study an attempt was made to analyze bark thickness and 
butt swell at breast height independently. Coefficients of multiple 
correlation were worked out for each of these with diameter, height, 
form quotient, crown length, crown class, age, number of trees per 
acre, and site index. 

BUTT SWEU. 

In the case of butt swell only a small proportion of the total varia- 
tion can be accounted for by these numerical factors, and practically 
all the variation so accounted for is associated writh diameter, the 
larger trees, of course, having the most butt swell at breast height. 
Variations in butt swell are much more closely correlated with size 
in old-growth stands than in second-growth stands, but this might be 
expected from the fact that the second-growth data were intentionally 
gathered from stands covering as wide a range of conditions as possible 
and were, therefore, much more heterogeneous than the old-growth 
data. Consideration of crown percent or form quotient may toghtly 
improve estimates of butt swell from diameter alone, but tnis is not 
clear-cut or consistent in all cases. 

The rectilinear alienation coefficients and coefficients of determina- 
tion brought together in table 13 illustrate toe various relationships. 
Only in toe case of old-growth red spruce has it been possible to 
account for more than 18 percent of tne standard deviation of butt 
swril'. Altoou^ these coefiicmts do not represent the full effect 
of correlation betweoi diameter and butt swell, oecause definite curva- 
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ture is present in the case of even-aged white spruce, old-growth red 
spruce, and old-growth balsam fir, still it is apparent that most of 
the variance is associated with dinerences in hereditary characteris- 
tics, or with differences in individual situation or anchorage which are 
not susceptible of numerical evaluation. 


Table 13 . — Correlation of butt swell at breast height with various factors 



Even-aged stands 



Old-growth stands 


Red spruce 

1 White spruce 

1 Balsam fir 

Red spruce 

1 Balsam fir 

Factors with 
which butt swell 





















is oorrelated 


Coeffi- 


Coeffi- 


Coeffi- 


Coeffi- 


Coeffi- 


Aliena- 

cient of 

Aliena- 

cient of 

Aliena- 

cient of 

Aliena- 

cient of 

Aliena- 

cient of 


tion 00 - 

deter- 

tion 00 - 

deter- 

tion 00 - 

deter- 

tion CO- 

deter- i 

tion CO- 

deter- 


efficient 

mina- 

efficient 

mina • 

efficient 

mina- 

efficient 

mina- 

efficient 

mina- 



tion 


tion 


tion 


tion 


tion 

All numerical fac> 











tors 

0.85 

0.28 

0.86 

0.26 

0.90 

0. 18 

0 63 

0.60 

0.82 

0.33 

Diameter breast 

high alone 

Diameter breast 

.88 

.22 

.92 

.16 

.95 

.09 

.67 

.55 

.85 

.2$ 

high and crown 











percent 

.88 

.22 

.91 

.18 

.94 

.12 

.66 

.56 

.84 

.29 

Diameter breast 




high and form 
Quotient 

.88 

.23 

.92 

.16 

.94 

.12 

.67 

.55 

.83 

.31 
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The amount of butt swell in relation to size of trees is shown in 
figures 13 and 14, It is about the same in even-aged red spruce and 
\^te spruce. The diameter at breast height becomes affected 
slightly in the 3-inch or 4-inch class, but the amount of butt swell 
does not exceed 0.2 inch on the average until the trees get beyond 
the 12-inch class. The amount of butt swell appears to increase 
sharply for the larger trees, but the data are not strong enough to fix 
its trend very definitely. In even-aged balsam fir the amount of 
butt swell in relation to size of trees is only about hdf of what it is 
for red and white spruce, and in fact may be almost disregarded as it 
will seldom exceed 0.1 inch as an average for any of the size classes 
attained by this species. 

The butt swell of old-growth timber is substantially greater than 
that of even-aged stands for lK>th red spruce and balsam fir. In both 
cases, starting with trees about 5 inches in diameter, the rate of in- 
crease is at first gradual, btit becomes quite rapid for trees above 
12 inches in diameter. For this size class, butt swell will average 
about 0.4 inch for red spruce and 0.3 inch for balsam fir. For the 
24-inch class the breast-high diameter of old-growth red spruce is 
enlarged about 2 inches by outt swell. r • j 

Some additional points on the behavior of butt swell were obtained 
by a detailed check of prelimina^ form-class volume tables prepared 
from data used in this study. The percentage of total tree volume 
represented by butt swell as determined by the techmc used^ appears 
to be fairly constant in trees of all sizes in the case of even-aged white 


W The aiilfir«noe between total tiee volumes, luoluding butt swell, and “normal 
by planimetering dbarts of oross-eectlonal areas plotted over height above 
the diameters used were obtained by prolonging the normal convex cu^e the 

to Uie around line aS described In nulinlnary OaloulatioiiB (p. 674). For the full volume Imduding butt 
swell It was necessary to pndong the butt swffi by eye down to 

had been taken below aboveground. The stump was oonsidered a cylinder below the l4oo« point. 





DIAMETER BREAST HIGH (iNCHES) 

FiQtrRE 18.— Relation between butt swell and diameter at broaat height in even-aged stands: 4» 
spruce; white spruce; C, balsam fir. 
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spruce and balsam fir, averagii^ about 2 percent for the former and 
IK percent for the latter. In the case of even-aged red spruce, 
however, it increases from 0 for 2-inch trees to 6 percent for 16-inch 
trees. When analyzed by localities it appears that the percentage of 
normal volume represented by butt swell decreues as average form 
quotient of the stand increases, and increases slightly with age. 

BARK THICKNESS 

When bark thickness is analyzed in sin^ar fashion it is found that 
a much larger proportion of the total variation is associated with the 
numerical factors than was the case with butt swell. In the old- 
growth stands and in the case of even-aged red spruce practically all 
the variation which can be accounted for is associated with diameter, 
but with even-aged white spruce and balsam fir there is a substantial 
margin associated with other measurable factors. 

By considering age or site index along with diameter a close ap- 
proach to the total possible reduction of variation is made in all cases, 
but the effect of these factors does not appear to be consistent. In 
the case of wWte spruce, site index is the most eft'ective factor after 
diameter, while age has very little influence. On the other hand, in 
the case of even-aged balsam fir, age accounts for nearly all the 
possible reduction of variation not associated with diameter. 

To indicate the various relationships, a number of rectilinear 
alienation coefficients are presented in table 14. 

Table 14. — Correlation of bark thickness at breast height loith various factors 



F.ven-aged stands 

Old-growth stands 


Red spruce 

White spruce 

Balsam fir 

Red spruce 

Balsam fir 

Factors with 











which bark thick- 
ness is correlated 

Aliena- 
tion co- 
effi- 
cient 

Coeffi- 
cient of 
deter- 
mina- 
tion 

Aliena- 
tion co- 
effi- 
cient 

Coeffi- 
cient of 
deter- 
mina- 
tion 

Aliena- 
tion co- 
effi- 
cient 

Coeffi- 
cient of 
deter- 
mina- 
tion 

Aliena- 
tion co- 
effi- 
cient 

Coeffi- 
cient of 
deter- 
mina- 
tion 

Aliena- 
tion co- 
effi- 
cient 

Coeffi- 
cient of 
deter- 
mina- 
tion 

All numerical fac- 
tors 

Diameter breast 

0 55 

0.70 

0.50 

0.75 

0.54 

0 71 

0.51 

0.74 

0 63 

0 60 

high alone 

Diameter breast 

.58 

.06 

.62 

,62 

.76 

.42 

.66 

.70 

.66 

.55 

high and age 

Diameter breast 

.67 

.68 

.62 

.62 

.67 

.67 










high and site 
index 

.56 

.68 

.66 

.69 

.68 

.53 

.55 

.70 

.66 

.56 







The net effect of age on bark thickness is positive, i. e., for trees of a 
given diameter class the older the tree the thicker the bark. The net 
effect of site index is generally negative, i. e., other things being equal, 
trees on better sites will have thmner bark than those on poor sites. 

The bark thickness at breast height of even-aged red spruce appears 
to bear a constant relationship to size, averaging 7 percent of the 
outside bark diameter. For old-growth red spruce, bark thickness in 
relation to diameter decreases with increasing size of trees. Up to 
about 10 inches it is approximately the same as in even-aged stands, 
tending, however, to be slightly higher than 7 percent for the smaller 
trees; but it falls off in the larger sizes so that it is only 5.3 percent in 
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the 24-inch class. This is probably the result of a sloughing off of the 
scaly outer bark from the old trees more rapidiy than new layers are 
added from within. 

In balsam fir the bark thickness in relation to diameter is greater for 
all sizes in the case of old-growth timber than for even-aged second 
OTowth. Unlike that for red spruce, the curve for old-growth balsam 
fir maintains a constant relation to diameter, while the curve for even- 
aged second growth falls off slightly with increase in size. Thia situa- 
tion is probably due to the difference in bark character of the two spe- 
cies. The smooth bark of balsam fir does not slough off, so a constant 
relation to size is maintained in the older stands. For old-growth 
balsam fir, the bark thickness at breast height is maintained at about 
5.8 percent of the outside bark diameter for all sizes, while in even- 
aged stands it drops to about 4 percent for 12-inch trees. 

The bark thickness of white spruce is about the same as that of red 
spruce in the very small size classes, but it becomes relatively less be- 
tween 5 and 10 inches in diameter and maintains a lower ratio in 
the larger sizes. It constitutes about 6.3 percent of the diameter 
breast high in the 6-inch class and 6.2 percent in the 12-inch class. 

These relations are illustrated in ^ures 15 and 16, in which it will 
be seen that white spruce is about midway betweeja balsam fir and red 
spruce in respect to bark thickness. By comparison with figures 13 
and 14 it is also evident that the amount of butt swell affecting breast- 
high diameter is never more than half the double bark thictmess in 
trees of these species less than 12 inches in diameter. Butt swell 
becomes more important than bark thickness only in the case of old- 
growth red spruce larger than 17 inches d. b. h. 

TOTAL REDUCTION OF DIAMETER BREAST HIGH FOR BARK THICKNESS AND BUTT 

SWELL 

Study of each of the factors affecting butt swell and bark thickness 
having shown that variation in each factor is chiefly associated with 
variation in diameter breast high, it should be feasible to provide a 
basis for making allowance for both of these elements together. This 
should be the most practical procedure, since it is the sum of bark 
thickness and butt swell at breast height which affects the accuracy of 
the application of any volume table rather than either of these 
elements alone. 

The relation of total reduction for butt swell and bark thickness to 
diameter at breast height is shown in figures 17 and 18. It will be 
seen that there is less curvature than was the case in the plotting of 
each element separately, because the curvatures of butt swell and 
bark thickness are in opposite directions and therefore tend to com- 
pensate. 

The standard errors of estimate from these curves and the cor- 
responding alienation indices and indices of determination are shown 
in table 15. It appears that the total reduction of breast-high 
diameter can be estimated from diameter breast high alone, with a 
standard error not exceeding 0.2 inch in all cases except that of old- 
growth red spruce, yet the correlation is considerably closer in the 
case of old-growth red spruce than in any of the other sets of data^ 
Conversely the closest estimate is obtained in the case of even-aged 
balsam fir where the correlation is lowest. 



OOUBLE BAftK THICKNESS {.INCHES) DOUBLE BANK THICKHESS {INCHES') 


704 


Jov/nud of AgrievUwrat Besearek 


Vol. 51, 00 , 5 





JS 




35^ 

C 






i i 1 i I 

0 5 10 15 20 25 

DlAMETEf) BREAST HtOH (INCHES) 


! Figure 15.— Relation between bark thickness and diameter at breast height ineven>aged stands: A, Red 
spruce; B, white spruce; C, balsam Hr. 
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Fk vrb in.— Relation between bark thtoknees and diameter at breast height In old-growth stands: A, Red 
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.Figure 17.— Relation of total reduction of diameter breast high for bark thickness and butt swell to diameter 
breast high in even-aged stands: A, Red spruce; B, white spruce; C, balsam fir. 
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Table 15 . — Accurticy of eaHmates of total reduction of diameter breast high for bark 

thickness and swell 



Standard 
deviations 
of total re- 
ductions 

Accuracy of estimate of total 
reduction 

Standard error 
expressed as 

Standard error 
expressed as 
, percentage of 
volume of 
individual 
trees 

Type and species 

1 

Standard 

error 

Aliena- 

tion 

index 

Index of 
determi- 
nation 

percentage of 
mean diame- 
ter breast high 

Even-aeed stands; 

Red siMruoe 

Inches 

0.34 

Inches 

0.20 

0.61 

0.63 

Percent 

2.6 

Percent 

5.3 

White spruce. 

.27 

, 19 

.71 

.50 

2.4 

4.8 

Balsam flr 

.17 

76 

. 14 

.80 

36 

2.0 

4.0 

Old-^owth stands: 

Red spruce.. 

.39 

.51 

.74 

3.5 

7.0 

Balsam flr 

32 

.21 

.66 

.56 

2.4 

4 7 




Since the influence of other factors was indicated in a general way 
in the discussion of butt swell and bark thickness, and since so much 
of the viability that can be accounted for is related to diameter 
breast hmh, it seemed desirable here to study the residuals from the 
curves of total reduction on diameter breast high rather than to use 
multiple correlation directly. 

In the case of even-aged red spruce and white spruce there is a 
definite tendency for the difference between diameter breast high 
and normal diameter of trees of the same size class to. be greater on 
poor sites than on good sites. But site index did not show any signifi- 
cant relationship in the old-growth stands or in even-aged balsam fir. 
Even in the case of even-aged red spruce, where the effect is most 
pronouhced, the acctiracy of estimate is increased less than 2 percent 
(a reduction of the alienation index from 0.61 to 0.59). 

For even-aged balsam fir there is a definite relation with ^e that 
is not apparent in either of the other species. Balsam fir trees of the 
same size show a greater difference between diameter breast high 
and normal diameter in old stands than in younger ones. Trees of 
the same size would therefore have lower volumes in old stands than 
in younger ones, provided their form quotients were similar. But 
since form quotient tends to increase rapidly with age (p. 693) the 
effect of age on volume is compensating. The improvement of 
estimate of the total reduction of diameter breast high in even-aged 
balsam fir when age is taken into consideration amounts to about 
16 percent, the alienation index being reduced from 0.80 to 0.64. 

The relative significance of variations in bark thickness and butt 
swell as compared to variation in form quotient can be judged from 
the effect of each of these elements on estimates of tree and stand 
volume. Table 16 compares standard errors in tree volumes associ- 
ated with the estimation of form quotient with those associated with 
estimates of butt swell and bark thickness. The former are 1.5 
times the standard errors in estimation of form quotient from diame- 
ter, height, and crown percent (table 11), since a unit of form quotient 
is roughly equivalent to 1.5 percent of volume. The latter were 
derived by the approximate method of assuuoing the standard error 
expressed as percentage of diameter breast high to be equal to the 
standard error in inches (table 15) divided by the mean diameter of 
the teees in the sample, and then multiplying by 2, since it has been 
previously shown that volume errors will be double the percentage 
errors in diameter (S, p. 730). 
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Table 16. — Standard errors in estimation of volume of individual trees 



Even*aged stands 

Old-growth stands 

Source of enor 

Red 

spruce 

White 

spruce 

Balsam 

&r 

Red 

spruce 

Balsam 

fir 

i 

Estimate of form quotient from diameter breast 

Percent 

Percent 

Percent 

Percent 

Percent 

high, height, and crown percent i 

Estimate of butt swell and bark thickness from dia> 1 
meter breast high ! 

7.2 

6.6 

6.2 

6.3 

6.4 

5.3 

4.8 

4.0 

7.0 

4.7 


In the estimation of individual trees variations in butt swell and 
bark thickness give rise to smaller volume errors than variation in form 
quotient except in the case of old-growth red spruce. But in inter- 
preting these figures it must be borne in mind that volume tables are 
used to obtain aggregate volume of groups of trees or of stands and 
cannot be expected to ^ve ^eat accuracy for individual trees. 

The standard error m volume of an entire stand associated with 
variations in butt swell and bark thickness would be reduced regu- 
larly in proportion to the square root of the number of trees tallied. 
But, if average form quotient is determined by any basis suggested 
in this paper or by actual measurement of a sample of trees, the 
standard error associated with variation in form quotient will never 
be reduced by more than the square root of the number of trees used 
in such determination, which is not likely to exceed 60. 

It therefore appears that the spread between volume errors from 
these two sources would increase as the number of trees tallied in- 
creased. It seems quite certain that with these species, as was found 
to be the case with ponderosa pine (Z, p. 7S7), the determination of 
average form quotient is a more important source of error than 
allowance for butt swell and bark thickness, but the latter approaches 
the former in significance in the larger sized old-growth timber. 


CONCLUSIONS 

When this study was commenced, it was believed that some adap- 
tation of the form-class system of volume tables as developed m 
Sweden would prove superior to conventional tables based on diam- 
eter and height alone, since form-class tables take definite cogni- 
zance of differences in taper. The feasibility of obtaining the theo- 
retical benefits of the form-class system in practice depends upon the 
soundness of the application of a single average form quotient to the 
entire stand, and upon ability to estimate the average form quotient 
satisfactorily and to determine the amount of bark thickne^ ^d 
butt swell. Furthermore, the superiority of tables denved by the 
form-class system will depend upon the extent to which the deter- 
minations of average form quotient and of the reduction of diameter 
breast high to normal diameter are superior to those that might be 
made from diameter and height, which are accounted for m tables ot 

the conventional sort. ^ . , , . 

In this study of red spruce, white spruce, ^d balsam fir, 
in bark thickness and butt swell could ^t be consistency correlated 
with any factor other than diameto. This means that, ^ it 

will be practical to aUow for this element, volume tebles of the usual 
sort would be just as satisfactory as form-class tables. 





710 


Journal of Agricultural Research 


Vd, SI, no. s 


In the analysis of variations in form quotient, also, diameter end 
height showed up as the most important factors. To the extent that 
venations in form quotient are associated wi^ differences in diam- 
eter and height, conventional volume tables, if properly constructed 
and based on truly representative data, will automatically take care 
of the form-quotient problem. A measure of the superionty of form- 
class tables m respect to proper allowance for variations in form 
quotient may be obtained by a comparison of volume errors when 
form-quotient estimates are based on diameter, height, and crown 
percent (the most accurate and practical basis for evaluating form 
quotient developed in this study) with those which arise when form 
quotient is estimated from diameter and height alone, as is in effect 
the case with conventional tables. Measures of the accuracy of 
estimate of form quotient on these two bases are given in the last 
two lines of table 8, but they will have more meaning if expressed in 
percentage of volume, as in table 17. 


Table 17 . — Comparison of volume errors associated with different methods of 

evaluating form quotient 


Type and species 

Standard error in 
estimating form 
quotient from 
diameter breast 
high» and heighti 

Standard error in 
estimating form 
quotient from 
diameter breast 
high, height, and 
crown percent > 

Improve- 
ment 1 

Even-aged stands: 

Red spruce 

Percent 

Percent 

Percent 

8.3 

7.2 

1.1 

White spruce 

7.3 

6.6 

.7 

Balsam fir, 

Old-growth stands: 

Red spruce 

6.6 

6.2 

.4 

7.0 

6.3 

. 7 

Balsam fir 

7.4 

0.4 

1.0 


1 Expressed as percentage of volume. 


It will be seen that even in this element no practical method of 
applying the- form-class system yet devised offers prospect of giving 
more than 1 percent greater accuracy than might be expected from 
conventional tables for the species in question. 

It may be argued further that, to the extent that form quotients 
within stands vary with size of the trees, the form-class system will 
be less accurate than conventional tables, since in the former a single 
average form quotient is usually appUed to the entire stand whereas in 
the latter the form quotient varies automatically according to diameter 
and height. 

On the whole, therefore, it may be concluded that in final appUca- 
tion the form-class system must be on much the same footmg as other 
volume-table methods, because differences in taper which can be 
evaluated in any practical way are so lai^ely reflected in the diameter- 
height relationships. Methods of form-class analysis, however, stUl 
offer definite advantages in a more adequate and realistic techmc, 
in reduction of number of trees required for reliable tables, in sim- 
phoity of compilation of tables in various units of product or stand- 
ards of utilization, and in the possibilities for analytical comparison of 
different species or of timber of the same species under different growth 
conditions. In the latter field there is the greatest opportunity for 
future study and progress. 
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SUMMARY 


Intensive study of the variation of form quotients and of bark 
thickness and butt swell has been undertaken to provide a clearer 
understanding of factors involved in the application of volume tables, 
with special reference to tlie use of the form-class system as developed 
by the writer in a previous paper. The study is based on measure- 
ments of 2,189 trees of red spruce, white spruce, and balsam fir 
covering a wide ranse of sizes, ages, densities, sites, and growth con- 
ditions in the Northeast. Punch-card machines were used in the 
manipulation of the data; and methods of multiple curvilinear cor- 
relation, as developed by Bruce and Reineke, were used in the 
analyses. 

Alter graphic elimination of butt swell at breast height, the taper 
measurements for each locality were found to conform quite satis- 


factorily to the formula for the stem curve: Significant 

volume errors exceeded 2 percent in the case of a few samples only. 
White spruce gave the best fit. Witli red spruce the upper sections 
frequently fell below the formula, especially in old-growth stands. 
Even-aged balsam fir was similar to red spruce in fit, but in old-growth 
balsam fir diameters below tlie midpoint were consistently larger and 
those above the midpoint consistently smaller than the formula, 
with the effect on cubic volume tending to compensate. 

The standard deviation of form quotients withm the stands averaged 
not far from ±4.5 units, which conforms to conclusions of previous 
work; but the variability was not closely associated with any of the 
factors which can be readily evaluated. However, the variation 
appeared to decrease with an increase of density, age, or form quo- 
tient. 


The relation between form point and form quotient differed with 
each species and was not rectilinear. Although higher fom quotients 
were generally associated with an increase in relative height of form 
point, very little if any increase in form quotient occurred after the 
form point went above 75 percent of the total height. In fact, taU 
trees with crowns of limited development often had relatively low 
form quotients. 

Measurement of form point on about 45 trees is required to limit 
the standard error of the averse form quotient to ± 1 unit. The use 
of form point has very little significance in old-growth red spruce and 
balsam fir. 

A study of form quotients of the individual trees indicates that 
more than a third of the total variability of form quotient is associ- 
ated with factors not included in this stu<fy and probably not readily 
susceptible to numerical evaluation. Of the numerical factors 
studied, diameter breast high, height, length of crown, and site index 
were the most important. Diameter and height appeared to have 
the greatest weight, but, these factors having opposite signs and beu^ 
closely correlated, their effect was compensating. Form quotient 
increased rapidly with height until the trees were about 40 feet tall, 
after which lliere was litfle further increase. On the other hand, 
form quotients were at a maximum in tr^s about 7 inches m diameter 
and decreased steadily with increase in diameter. This n^ative 
correlation between diameter and form quotient, slight but si^ufioant, 
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appeared within individual stands as well as for the data as a whole. 
Similarly, within stands, dominant trees averaged lower in form 
quotient than codominants or intermediates and, as might be expected 
from this, trees with loi^ crowns had lower form quotients than those 
with short crowns. 

Length of crown is the only factor showing any appreciable crude 
correlation with form quotient when all the data for each species are 
thrown together. Form quotients generally reached a maximum in 
' trees with crown lengths about 40 percent of total height. Estimates 
of form quotient can be made from length of crown with about the 
same accuracy as from form point. 

Although trees on poor sites generally averaged higher in form 
quotient than those on better sites, the influence of site appeared to 
be absorbed in the diameter-height-crown length relationships. 
Alinement charts have been prepared for estimating form quotient 
of individual trees from diameter, height, and crown percent. Even 
using these three factors, about 40 trees are required to keep the 
standard error of the average form quotient down to ± 1 unit. 

The average form quotient of even-aged stands increased rapidly 
up to an age of 70 years or a density of 1,200 trees per acre more than 
3 inches in diameter, but beyond these points, little if any fuither 
increase took place. Alinement charts for estimating average form 
quotient of a stand from its age and density have also been prepared. 
Just as with individual trees, average form quotient can also be 
correlated with average crown length of dominant and codominant 
trees, and there is evidence that variations in average crown length 
are reflected and expressed approximately by the variations in age 
and number of trees per acre. For old-growth stands it appears 
that a single average form quotient may be safelv applied upon in- 
spection for certain easily reco^ized conditions of growth. 

Where the species occurred in mixture, red spruce ran about four 
units of form quotient higher than either white spruce or balsam fir. 
Balsam fir and white spruce did not differ appreciably in form quo- 
tient when occurring together. 

The amount of butt swell at breast height tended to increase with 
increase in diameter, but only a small proportion of the variation of 
butt swell can be accounted for by analysis of the niunerical factors. 
A larger proportion of the variation in bark thickness can be accoimted 
for, and this too is directly related to diameter. In trees of the species 
studied less than 12 inches in diameter, butt swell never amoimted to 
more than half the double bark thickness. It exceeded bark thick- 
ness only in the case of old-growth red spruce larger than 17 inches 
diameter breast height. 

Butt swell as determined by this study averaged 2 percent of the 
total tree volume in even-aged white spruce and 1J4 percent in even- 
aged balsam fir, r^ardless of size, while in even-aged red spruce the 
percentage of volume increased steadily, reaching 5 percent for trees 
16 inches in diameter. 

For practical purooses butt swell and bark thickness may be con- 
sidered together. The total reduction of breast-h%h diameter can 
be. estimated from diameter breast high alone, with a standard error 
not exceeding 0.2 inch in all cases except that of old-growth red 
spruce, yet the correlation is considerably closer in the case of old- 
growth red spruce than in any of the other sets of data. Although 
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there is some indication that the difference between diameter breast 
high and normal diameter is greater on poor sites than on good sites 
in even-aged red spruce and white spruce, little increase in accuracy 
of estimate can be obtained from consideration of this factor. In 
even-aged balsam fir the reduction of diameter breast high to normal 
diameter is definitely related to age, but the effect this would have oil 
differences in volume for trees of the same size in stands of different 
a^es tends to be offset by the fact that form quotients increase 
with age. 

The determination of average form quotient is clearly shown to 
be a more important source of error in the estimation of volume of 
standing timber of the species studied than allowance for butt swell 
and bark thickness, but the latter approaches the former in significance 
in the larger sized old-growth timber. 

Since so much of the variation in form quotient, bark thickness, 
and butt swell that can be accounted for is associated with diameter 
and height, form-class volume tables afford little advantage in actual 
use over properly constructed tables of conventional form. How- 
ever, methods of form-class analysis do possess several technical 
advantages and offer good opportunity for analytical comparison of 
different species or of timber of the same species imder different 
growth conditions, 
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THE RELATIONSHIP OF CERTAIN LEGUME MOSAICS TO 

BEAN* 


By W. J. Zaumbybb, associate vathologistf and B. L. Wade, associate geneticist^ 
Division of Fruit and Vegetable Crops and Diseases^ Bureau of Plant Industry, 
United States Department of Agriculture * 

INTRODUCTION 


Since the virus of the common mosaic disease of bean {Phaseolus 
vulgaris L.) is seed-borne, the disease is widely distributed. Previous 
investigators (6, 11, fS)® have shown that tlie amount of seed trans- 
mission of the virus varies; primary infected plants seldom produce 
more ttian 50 percent of infected seeds, and secondary infected plants 
produce an even smaller percentage. Notwithstanding the low 
percentage of seed-borne mosaic in most lots, the disease often be- 
comes so wide-spread in the field, especially among the susceptible 
varieties, that all the plants may be infected by the end of the growing 
season. 

Common bean mosaic is not equally severe in all sections of the 
country, wluch indicates, among other thii^, that climatic conditions 
may not be equally favorable for the manifestation of symptoms and 
that the agenci^ transferring the virus may be more numerous in 
some bean-growing sections than in others. There also may be hosts 
harboring other viruses that may be infectious to beans. 

It has frequently been demonstrated and is generally understood 
that imder field conditions the disease is spread by means of aphids 
from infected to healthy plants, but it has been doubted whether this 
is the sole source of virus transfer. Field observations have indicated 
that the source of some of the infection came froni mosaic-infected 
legumes, both cultivated and wild. In some of the irrigated sections 
of the United States it was repeatedly observed that bean mosaic 
appeared more severe in the early part of the season along the borders 
of the field adjacent to fence rows, irrigation ditches, or roadways, 
which were often overrun with weeds, including several legumes. In 
a number of instances, 15 to 20 percent of infection was found in the 
outermost rows whereas only a trace was observed in the center of the 
field. This difference in severity of infection may have been due either 
to large aphid populations coming from the weeds transmitting 
certain of the related legume viruses to bean, or to the spreading of the 
common bean mosaic from one bean plant to another. 

During the course of cross-inoculation studies with virus diseases of 
certain leguminous hosts it was noted that the virus extracts of some 
of these diseased hosts when inoculated to the bean produced S3mip- 
toms unlike those of the common bean mosaic. It was shown that the 
viruses causing the mosaic diseases of pea {Pisum sativum L.), wmte 
clover {Trijohum repens L.), alsike clover (T. hyhridum L.^ white 
sweetclover {Melilotus alba Desr.), yellow' sweetclover (M. officinalis 

[ Received for publication Apr. 27, 1935; Issued Dwember 1935. 
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(L.) Lam.), alfalfa (Medicago saliva L.), and sweet pea (Lathynis 
ndoratm L.) are all transmissible to bean, whereas the virus producing 
the mosaic of red clover (Ttifolium pratense L.) is not. Although a 
careful examination of the symptoms produced by the viruses of these 
l^umes on bean reveals specific differences, the viruses from white 
clover, white sweetclover, yellow sweetdover, and alsike.dover when 
inoculated to beans may produce under certain conditions symptoms 
that resemble the typical mottled and chlorotic symptoms of the 
cominon bean mosaic. 

It is entirely probable that in the several legumes there may be 
present other mosaic viruses that may react differently from those 
reported here, notwithstanding symptomatological similarity. Fur- 
thermore, viruses from other mosaic-diseased legumes not included 
here may also produce on beans symptoms different from any so far 
reported. 

In some cases certain viruses were inoculated only to the Stringless 
Green Refugee variety to determine their infectiousness. The viruses 
of pea, white clover, white sweetclover, alfalfa, and red clover mosaics 
were studied in some detail; those of alsike clover, yellow sweetdover, 
and sweet pea mosaics were not. 

This paper describes the symptoms of these legume mosaic diseases 
on their normal hosts, together with the symptoms produced by these 
viruses when inoculated to bean, and compares differences in varietal 
reaction of the several legume mosaic diseases on bean varieties and 
other leguminous hosts with those of the common bean mosaic. Data 
on the comparison of the properties of these viroses are also given. 
An unknown virus obtained from a hybrid bean is compared with the 
common bean mosaic as to symptomatology and varietal susceptibility 
and resistance on a number of different bean varieties. 

PREVIOUS INVESTIGATIONS 

The early literature records few data regarding types or strains of 
the bean mosaic virus or the transmissibihty of other legume mosaic 
viruses to bean. The early work of Reddick and Stewart (16, 16, 17, 
18), Pierce and Hungerford (IS), Fajardo (6, 7), and Nelson (11) 
dealt with the common bean mosaic merely as the disease affects the 
bean plant itself. 

Numerous reports of mosaic diseases of other leguminous plants are 
recorded in the literature. Elliott (5) proved the existence of a 
mosaic disease of sweetclover and red clover and showed the virus to 
be infectious to these two hosts as well as to Medicago arabica (L.) 
Huds. and Vidajaba L. Dickson (3) reports successful reciprocal 
inoculations between the viruses of a number of clover mosaic dis- 
eases, but obtained negative results when cross inoculations to pea 
and bean were made. Carsner (3) proved that the virus causing 
curly top of sugar beets was infectious to beans. Doolittle and 
Jones (4) reported the transmission of a virus of garden pea to red 
clover mid sweet pea. Boning (1) described a mosaic disease of 
broadbean (Viciafaha) whose virus was infectious to peas, crimson 
clover, and red clover. Wingard (31) showed that the tobacco ring 
spot virus was infectious to beans as well as to certain other legumes. 
Merkel (10) attempted to classify the bean mosaic into three types 
on the basis of symptomatology, and concluded that the mosaic dis- 
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eases of a number of Leguminosae which he examined were caused 
by the same virus. Fajardo {6) was unable to infect beans with the 
viruses from certain leguminous hosts and suggested that the mosaic 
disease of bean is pemaps specific to the bean plant. Price ( 24 ) 
showed that the tobacco mosaic virus was infectious to beans, pro- 
ducing locd lesions on certain varieties. Weimer (19, 20) reported 
on a mosaic disease of alfalfa and its transmissibiUty, but did not 
record any cross-inoculation studies. Nelson (22) reported a virus 
disease of beans as being different from the common bean mosaic, and 
gave it the name of “ rugose ” mosaic. Zaumeyer, {22) and Zaumeyer 
and Wade (;24) recently reported on the transmissibility of a number 
of different legume mosaic diseases to bean and pea and showed 
that they were not the same as the common bean mosaic. Pierce 
{12) described another vmus of bean which he stated is different from 
the common bean mosaic and which he designated as yellow bean 
mosaic. 

MATERIALS 

SOURCES OP VIRUSES 

Bean Mosaic 

The virus of the common bean mosaic used in the experiments was 
collected from diseased seedlings of the Stringless Green Refugee, a 
variety very susceptible to the disease. 

Pea Mosaic 

One of the pea mosaic viruses was secured from infected Dwarf 
Telephone peas grown in southeastern Colorado in 1931. The virus 
extract from such plants when inoculated to bean produces typical 
and striking systemic mosaic symptoms, which are described later. 
This disease of pea, although difficult to distinguish on the basis of 
symptoms from the common pea mosaic, is distinct from it, and for 
the sake of clarity it will be referred to as pea mosaic virus 2, and 
that of the common pea mosaic as pea mosaic virus 1. Other pea 
mosaic material used for comparative purposes was collected in Mary- 
land, Virginia, Montana, California, and Idaho. The lesions pro- 
duced on beans from the material collected in Maryland were simi- 
lar to those produced with the Colorado material, while the pea 
mosaic from the other Stated was similar to pea mosaic virus 1. 

White Clover Mosaic 

This virus was secured from material collected in the District of 
Columbia, Virginia, and Colorado. The reaction of the viruses from 
these three sources was identical; however, the experimental data 
presented in this paper are based on the virus from Virginia. The 
virus extract from this mosaic material produced both systemic and 
local lesions on certain bean varieties. 

Alsike Clover Mosaic 

This mosaic material was collected near Rosslyn, Va., m the fall of 
1933. Its difference from white clover mosaic was established by the 
reaction of Robust, Great Northern Idaho No. 1, and Corbett Refugee 
varieties. 

85799—35 i 
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White Sweetci^over Mosaic 

Most of the specimens of this mosaic were collected in Maryland, 
but some were collected in Virginia, Colorado, and Wisconsin.* The 
results obtained from all of these samples were identical. 

Yellow Sweetclover Mosaic 

This virus was obtained from material collected near Rossli^, Va., 
and Greeley, Colo. From the data obtained, it appears that this virus 
is identical with the virus of white sweetclover mosaic. 

Alfalfa Mosaic 

The alfalfa mosaic described by Weimer (19, 20) was collected by 
him and sent to the writers in the fall of 1932. Other mosaic speci- 
mens were collected in Virginia and reacted identically with those of 
Weimer. As reported, this mosaic produces local necrotic lesions on 
beans. Pierce (12) later describes similar lesions produced by an 
alfalfa virus which he states appears to be distinct from the mosaic 
on the same species described by Weimer (19, 20), 

Red Clover Mosaic 

The red clover mosaic virus was collected from diseased plants near 
Rosslyn, Va. It is believed that this virus is the same as the one 
described by Doolittle and Jones (4) as being infectious to garden 
peas and sweet peas. 

Sweet Pea Mosaic 

This virus was extracted from infected plants collected in Colo- 
rado. It produced systemic infection when inoculated to beans and 
appears to be distinct from the mosaic described by Doolittle and 
Jones (4). 

Bean Mosaic Virus 3 

During the summer of 1932, in the examination of |if. large number 
of hybrid bean strains at Greeley, Colo., a very mild raissaic symptom 
was noted on a few plants of a hybrid in the F 7 generation betweto 
the Wells Red Kidney and Stringless Green Refugee varieties, a 
cross tolerant to the common bean mosaic. This virus produces 
distinctly different symptoms from those produced by the commbn 
bean mosaic on the susceptible bean varieties and is referred to here 
as bean mosaic virus 3. 

SOURCES OF BEANS AND OTHER LEGUMES 

The bean varieties used in the experimental work, the results of 
which are presented in the various tables, came from a number of 
sources. Many of them were furnished by reputable seed firms and 
others were CTown by the writers. The Stringless Green), Refugee 
used principdly in these studies was grown by the writers, either 
under cloth or carefully rogued for mosaic. Corbett Refugee was 
furnished by the Sioux City Seed Co. This variety ori^ated from 
a single plant selection of Stringless Green Refugee ana is][re8i8tant 

* From Dr. R. A. Brink, University of Wisconsin, Madison, Wis. 
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to the common bean mosaic. Great Northern Idaho No. 1 was se- 
cured from the Idaho Agricultural Experiment Station. It is also 
resistant to the bean mosaic and is a selection from the commercial 
Great Northern bean. The Division of Forage Crops and Diseases, 
Bureau of Plant Industry, United States Department of Agriculture, 
furnished seeds of other leguminous hosts. 

METHODS 

Previous investigators have reported difficulty in obtaini^ high 
percentages of infection with the common bean mosaic virus. Access 
in transmitting the disease depends on a number of conditions, such 
as the a^e of the plant to be inoculated, the age of the infected plant 
from which the virus is extracted^ and the method of applying the 
inoculum to the plant. An abrasive such as quartz sand in the in- 
oculum used by some other workers was not employed in these ex- 
periments because of the severe injury it causes to the inoculated 
plant. The inoculum was secured by grinding infected leaves in a 
mortar. When large quantities of the vims were desired, infected 
plants were passed through a meat grinder before extraction of the 
virus. The juice was then strained through a piece of cheesecloth 
and a little of the pulp was enclosed within a small square of cheese- 
cloth and used as a pad for inoculation. In all cases the inoculations 
were made imniediately after extraction, since most of the legume 
viruses lose their virulence rapidly outside the host. 

The small pad saturated in the inoculum was applied to the upper 
surface of each primaiy leaf with brisk rubbing. Plants were inocu- 
lated when the primary leaves were fully expanded and the trifoliate 
leaves just unfolding. A block of wood about the size of the leaf to be 
inoculated was placed under it as a support, and before the block was 
used a small amount of the inoculiun was rubbed on it. By rubbing 
the upper leaf surface with the pad satmated in the inoculum, the 
lower surface was slightly injurea from the pressure against the sup- 
porting block. In tliis manner the inoculum was applied to both sur- 
faces of the leaf, resulting in a relatively high percentage of infection. 

SYMPTOMS 

The mosaic disease commonly found on beans produces a large 
number of variable symptoms depending to a laige extent on the vari- 
ety infected. Even within a variety the symptoms may show de- 
cided variations. In such cases symptomatology alone would not be 
suitable for recognizing the identity of possible strains of the virus. 
Since the other legume mosaic viruses (pea virus 2, white clover, white 
sweetclover, alfalia, and bean virus 3) when inoculated to bean pro- 
duce symptoms that are distinctly different from the common bean 
mosaic as well as from one another, they can be separated on a basis 
of symptoms alone. There is a distinct varietal behavior of these 
viruses on beans, but the susceptible varieties always produce symp- 
toms typical of the particular virus. Varieties more tolerant to the 
several viruses produce slightly different symptoms. The suscOTti- 
bility or resistance to the mosaic viruses reported here of Corbet 
Refugee, Great Northern Idaho No. 1, and Robust resistant 
common bean mosaic appears to be an important feature in the differ- 
entiation of these viruses. 
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The descriptions of the symptoms produced by the viruses from the 
five different hosts are ba^ on the s 3 miptonu as they occur on the 
Stnn^ess Green Refugee beans. In a few instances they are de- 
scrilm on (^rbett Refugee and Robust. 

COMMON BSAN MOSAIC 

The symptoms of the common bean mosaic are variable, depending 
somewhat on the variety infected, the age of the plant, and the en- 
vironmental conditions under which the plants are grown. Affected 
leaves show, in general, various degrees of mottling and chlorosis, 
downward cupping of the laminae, wmch gives an arched appearance 
to the leaflet, puckering, and blistering (fig. 1 ) . Mosaic-infected leaves 
may be smafler than healthy ones and very much contorted. Fre- 
quently leaves sliow a darker green area along the midrib and lateral 
veins (fig. 1, C and H), together with v^ing degrees of mottling 
from only slight to almost complete yellowing (fig. 1, A). On tlie less 
susceptible varieties a rufiling or crinkling (fig. 1, B) of the leaves is 
characteristic of the disease, and this may be accompanied by a gen- 
eral chlorosis of the leaf with pronounced venation (fig. 1,0). Under 
greenhouse conditions the symptoms on these more tolerant varieties 
are usually not striking, but imder field conditions severe infection 
may cause a stunting of the plant and reduction in leaf area. 

PEA MOSAIC 

It has been pointed out that there are at least two distinct forms of 
pea mosaic. In many respects the symptoms of the two forms are 
similar to each other and duficult to differentiate, but in other respects 
they may differ more widely. Both forms appear on the leaves an<l 
stipules ^d are first characterized by a faint mottling, the infected 
leaves being a lighter green than those of the normal plant. Later the 
mottling becomes more intense, owing to the presence of numerous 
dark-green areas, irregular in outline and occurring between the larger 
veins (fig. 2, B, F, and 6). 

In pea mosaic virus 2 a pronounced vein clearing ei^ppears later, and 
immediately adjacent to the larger veins the dark-^ben tissue often 
persists (fig. 2, G). The region between the veins remains green but 
is of a lighter shade than in the normal healthy plant. Especiallv 
along the periphery of the leaves, rerions of yellow are often found. 
The leaves and stipules of the infected plant are smaller than normal, 
but there is only a slight waving and upward curling of the edges and 
wrinkling of the leaves. Infected plants are only slightly sttmted 
although the pods may be somewhat malformed and distorted and 
in some cases reduced in size. 

Pea mosaic virus 1 differs from pea mosaic virus 2 in that there is 
only a slight vein clearing, with streaks of yellow found between the 
veins (fig. 2, F). The infected leaves and stipules are more wrinkled, 
puckered, and twisted, and smaller in size than those associated with 
pea mosaic virus 2. In later stages the uppermost leaves become 
rosetted with the tendrils malformed and knotted (fig. 2, F). In pea 
mosaic virus 2 infection this condition has not been observed. In- 
fected plants are usually more stunted than those infected with pea 
mosaic virus 2. 



Fiquee 1.— Variations In leaf symptoms of the oo^on bean mosaic on diflerMitvarieUes:JL and 
seeded Befugee; B, Burpee Stringless Green Pod; CjBxtra Early Beftigee; E, Giant Stringless Green Pod 
F, H, and /, Stringless Green Refugee; Refugee was* 






Oct. 16 , i«36 Relationship of Certain Legume. Mosaics to Bean 


723 


PEA VIRUS 2 ON BEANS 

The first symptom produced on beans by pea mosaic virus 2 is a 
drooping of the leaf and leaflets at the pulvini above the point of 
inoculation (fig. 2, A). This symptom is somewhat similar to that 
produced by the white sweetclover mosaic on beans. Later, numer- 
ous small yellow halolike chlorotic spots, varying in size from 1 to 
5 mm, develop on these leaflets. The next formed trifoliate leaves 
appear to be tlucker and smaller than the leaves of normal plants, 
and they droop and curve inward (fig. 2, A), Later, chlorotic spots 
similar to those produced on the first formed trifoliate leaves appear. 
The growing point of infected plants of susceptible varieties may be 
killed, and death of the entire plant may follow. Infected plants are 
usually decidedly stunted and very chlorotic. 

Pea mosaic virus 1 was'not infectious to beans. 

WHITE CLOVER MOSAIC 

White clover mosaic first manifests itself on the leaves of white 
clover as a s%ht mottle of light- and dark-green areas (fig. 3, -4, 5, 
Cf and D). The darker green regions are usually found adjacent to 
the main vein and extending outward along the laterals, becoming 
lighter toward the margin of the leaflet. Occasionally the greater 
portion of the leaflet may be quite chlorotic with only the basal 
portion streaked with green. Islands of dark-green areas are fre- 
quently fotmd in other portions of the leaf. Infected leaves are 
usually not distorted, but occasionally there is slight puckering and 
arching along the main vein. The symptoms are readily masked 
under certain environmental conditions. 

WHITE CLOVER MOSAIC ON BEAN 

When the white clover mosaic virus is inoculated to beans, it pro- 
duces both local necrotic lesions and a systemic infection (fig. 3). 
Whether both symptoms are produced by the same virus or by two 
viruses has not been determined. The local lesions may appear from 
36 to 48 hours after inoculation as small, somewhat circular, light- 
green areas, wliich at times may attain a diameter of from 2.5 to 5 mm 
(fig. 3, H and X). The smaller spots are circular with their edges 
only slightly irregular, whereas the large spots are seldom circular 
but are very irregular in outline. Later the lesions become broymish 
red, often accompanied by a slight clearing in the center which is 
usually surrounded by a dark ring of tissue, while outside of this is a 
region of lighter brown to red tissue. When the spots are very large 
with irregiuar borders there is no marked zonation of the lesions. 
If the lesions are numerous the uninfected normal green portions of 
the leaf turn yellow and die. . r • 

The systemic infection usually appears 10 to 11 days after inocu- 
lation and is manifested by blotches of light green yellow are^ on 
the trifoliate leaves, irregular in outline (fig. 3, E, F, and w). .Ihey 
are not bounded by the veins but extend throughout any portion of 
the lamina. These blotched areas may coalesce with sinmar areas, 
in some cases covering three-quarters of the leaf surface (fig, 3, G), 
leaving only small Mands of normal green t^sue. The infected 
leaves may show a slight ruffling, but their size is not reduced nor is 
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the leaf malformed as is often foimd with the common bean mosaic 
Infected plants are not stunted, and under greenhouse conditions the 



Figure S.—Wblte clover mosaic and the systemic and local symptoms the virus produces on different 
bean varieties; Ai B, C, and D, White clover; trifoliate leaflet of Davis White Wax bean showing 
mottling; F, Pencil Pod Black Wax bean; Q, Stringless Green Refugee bean; H, local lesions on Robust 
bean; i and iiT, healthy Stringless Green Refugee bean; J, healthy Robust bew: i/, local lesions on String- 
less Green Refugee b^n. 

symptoms may be readily masked. Under field conditions the symp- 
toms might readily be mistaken for mild infections of the bean 
mosaic. 
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WHITE SWEETCLOVBR MOSAIC 

The symptoms of white sweetdover mosaic first appear as small 
light-yellow spots on l^e leaves (fig, 4, F and 0). These spots may 
enlarge and coalesce with others, producing small light-green blotches 
interspersed with dark-green areas (fig. 4, E). Frequently there is a 
clearing of the veins, with the dark-CTeen islands located between 
them, Severe infection may cause sli^t dwarfing and r uffling of the 
leaves. Under field conditions the infected plant may show a stunt- 
ing in the early part of the year, but later in the summer and under 
high temTOratures the symptoms become masked and Ihc plant may 
be normm in size. 

WHITE SWEETCLOVER MOSAIC ON BEAN 

The white sweetdover mosaic virus produces very distinctive 
symptoms on beans. The first symptom appears about 1 week after 
inoculation and is a drooping of the leaf and leaflets at the pulvini. 
Later, small yellow, halohke chlorotic spots varying in size from 1.0 
to 3.0 mm in diameter appear on these as well as on later formed 
leaves (fig. 4, I). The spots may be so numerous that they almost 
cover an entire leaflet and upon coalescing produce a pronounced 
chlorotic condition (fig. 4, A and H). Older leaves become roughened 
and chlorotic. Infected leaves ma^ be stunted and distorted, espe- 
cially if the infection is localized in one-half of the leaf (fig. 4, 15). 
The diseased plants are smaller than the normal ones, but in no case 
has death resulted from infection. 

ALFALFA MOSAIC 

Alfalfa mosaic is first noticeable as small greenish or li^t-yellow 
streaks either along or between the veins (fig. 5, B, C, D, E,F, and 6). 
These areas gradually become laiger and the light areas more nearly 
yellow. In some cases only a portion of a leaflet may show symptoms. 
Such regions are usually bounded by a very irregular or jagged border 
of yellow, while the region within is lighter ywlow in color. These 
areas may be either within the lamina or along the periphery of the 
leaflet. Oftentimes only 1 or 2 leaflets may ^ow tnese symptoms, 
the third being normal in appearance. Another symptom that is 
found occasionally is manifested by concentric regions of yellow and 

K een (fig. 5, C and E) which resemble the work done by the insect 
nf miner. 

ALFALFA MOSAIC ON BEANS 

When inoculated to beans, the alfalfa mosaic virus produces small, 
reddish-brown, local lesions 2 days after inoculation (fig. 5, A). 
Some of the spots are surrounded by an irregular ring of tiny lesions 
of the .same color. The larger type lesions vary from 0.5 to 2.0 mm 
in diameter. With age, the irregular ring of small lesions coalesces 
with the laiger one and a clearing occurs m the center. The lesions 
differ from those produced by the white clover mosaic in that they are 
smaller in size and their edges are more regular. The disease does 
not become systemic. 




FiooRS 4.— Whitesweetclover mosaic and the symptoms produced by the virus on dllTcrent bean varieties: 
/I Corbett Refugee bean showing mottling; B, Stringless Green Refugee bean showing distortion of 
leaflet; C, Blue bean showing malformation; J>, hemthy Corbett Refugee bean; F, and G, different 
patterns of white sweetclover mosaic; H and Stringless Green Refugee bean; «/, healthy Stringless 
Green ^Refugee bean. 
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RED CLOVER MOSAIC 

Hed clover mosaic a^ears as a faint mottling and yellow streaking 
of the leaves (fig. 6 , 5 ). The yellowing may cover a considerable 
portion of the leaf, leaving only islands of ^en which are frequently 
located adjacent to the veins. Infected j^ants are seldom stunted, 
and the symptoms are readily masked under conditions of high 
temperature. 

Red clover mosaic was not infectious to beans. 

KED CLOVER MOSAIC ON LEGUMES OTHER THAN BEANS 

The leaflets of sweet peas infected with red clover mosaic show a 
pronounced mottling, pocking, and inward curling and occasionally 
some streaking. When the imection extends to the flowers there is a 
decided streaking, curling of the petals, and in many cases stunting. 

Infected peas show a distinct mottling on the leaves and stipules 
ve^ much hke pea mosaic 1 and 2 (fig. 6, i^.) 

On the broadbean (Vidajaha L.) the infection is manifested by a 
very pronoimced mottling and streaking of the leaves (fig. 6, E). 

BEAN MOSAIC 3 

Bean mosaic 3 appears as a very mild chlorosis on the hybrid of 
Stringless Green Refugee X Wells Red Kidney. The symptoms 
might be overlooked, as no malformation of the leaves and no stunting 
of the plant are produced. 

On Stiingless Green Refugee bean the first symptoms produced by 
bean mosaic virus 3, 10 days after inoculation, are characterized by 
an extremely chlorotic and dwarfed condition of the trifoliate leaves 
immediately above the inoculated ones (fig. 7, B). Later formed 
loaves may show a very marked clearing of the veins and veinlets, 
bordered with normal green tissue. L^ter the remainder of the 
interveinal tissue turns yellow, resembling in general effect a calico 
pattern (fig. 7, A). The leaves of diseased plants are smaller than 
those of normal plants, but there is no wrinkling, curling, or other 
malformation. Infected plants of susceptible varieties may show a 
decided stimting. 

RESISTANCE AND SUSCEPTIBILITY 

Studies of previous workers (d, IS, 15, 16) on varietal resistance and 
susceptibility to the common bean mosaic virus, as well as the results 
obtained by the writers in these experiments, have shown that most 
bean varieties are susceptible but that they vary considerably in the 
degree of infection. Corbett Refugee, Robust, and Great Northern 
Idaho No. 1 were the only resistant varieties used that had been 
previously demonstrated to be immune to the common bean mosaic. 

Transmission of the mosaic viruses of pea, white clover, white 
sweetclover, alfalfa, and bean mosaic virus 3 suggested the trans- 
mission to other varieties of beans to learn whether the behavior 
toward these mosaic diseases differed from that toward the common 
bean mosaic. Thirty varieties were inoculated imder greenhouse 
conditions. Plants mr this test were grown in greenhouse benches 
and inoculated, in the manner described previously, with an undiluted 
virus extract from the various mosaics, when the compound leaves 
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were fully expanded. The viruses were extracted either from the 
mosaioanected tissues of the original host plant or from beans 
infected with the several legume mosaic diseases. In either case the 



FintrBK T.-'Symptoms of bean mosaic virus 3 on Stringless Green Refugee bean: A, Trifoliate leaves show 
ing extreme yellowing between the veins; B, leaf snowing slight chlorosis; C and D, leaves from unln 
oculated plant. 


results were comparable. The varieties listed in table 1 were not all 
grown and inoculated at the same time but were run in four series. 
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Table 1. — Comparative results of susceptibility and resistance of bean varieties to 
mosaic viruses of bean, pea^ white clover, white sweetdover, alfalfa, and red clover 
grouped according to susceptibility to the common bean mosaic * 


R^ults of inoculation wfth virus indicated i 


Group and variety 

Bean 

mosaic 

Pea mosaic 
2 

White clover mosaic 

White 

sweet- 

clover 

mosaic 

Alfalfa 

mosaic, 

local 

lesions 

Red 

clover 

mosaic 


^stemic 

BSiODS 

Local 

lesions 

11 
s ® 

Plants in- 
fected 

Plants in- 
oculated 

1 ^ 

Plants in- 
oculated 

Plants in- 
fected 

Plants in- 
oculated 

Plants in- 
fected 

Plants in- 
oculated 

Plants in- 
fected 

Plants in- 
oculated 

Plants in- 
fected 

Plants in- 
oculated 

Plants in- 
fected 

Group 1, very susceptible. 

No. 

No. 

No 

No. 

No 

No 

No 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

Dwarf Horticultural ! 

10 

106 

10 

4a. 66 

10 

5c 

19 

1 

12 

9f 

10 

10 

8 

0 

Extra Early Red Valentino. 

10 

86 

13 

la. 126 

18 

86,2c 

18 

3 

12 

10c 

0 

7 

10 

0 

Red Valentine 

10 

96 

10 

la. 46 

17 

Sb,3c 

18 

7 

10 

8c 

10 

10 

7 

0 

Refugee 10(KM 

10 

106 

10 

10a 

10 

86 

10 

8 

12 

96 

10 

10 

9 

0 

Refugee Wax 

11 

96 

10 

5o,.% 

14 

76,2c 

14 

0 

10 

9c 

10 

10 

10 

0 

Stringlesa Green Refugee ... 

If) 

156 

19 

10a. 96 

24 

236 

24 

24 

20 

106 

10 

10 

15 

0 

Early Stringless Refugee... 

12 

126 ! 

10 

10a 

11 

96 

11 

7 

10 

86 

9 

9 

7 

0 

Group 2, moderately susoep- 















tiole. 















Black Valentine . 

15 

12c 

17 

6a. 116 

20 

26. 14c 

20 

0 

11 

5c 

10 

6 

8 

0 

Blue Lake 

10 

10c 

9 

3a 

19 

46. Ic 

19 

2 

18 

Ic 

10 

10 

7 

0 

Bountiful 

9 

9c 

13 

6a, 76 1 

16 1 

56.11c 

17 

5 

14 

10c 

10 

10 

9 

0 

Biiriiee Stringless Green Pod. 

12 

11c 

13 

4a, 96 1 

16 

86,4c 

16 

3 

10 

5c 

9 

8 

10 

0 

Brittle Wax 

13 

12c 

12 

2a, 106 

16 

12r 

16 

7 

10 

5c 

10 

10 

10 

0 

California White 

10 

4c 

9 

3a 

10 

56 



10 

0 

10 

10 

8 

0 

Davis White Wax 

10 

10c 

9 

96 

15 

76, 7c 

15 

2 

10 

10c 

10 

7 

9 

0 

French Horticultural i 

14 

11c 

12 

86,4c 

20 

76, 3c 

20 

5 

14 

12c 

10 

1 10 

10 

0 

Full Measure ! 

13 

lie 

10 

2a. 86 

19 

126, 6c 

19 

11 

10 

8c 

10 

8 

7 

0 

Giant Sttingless Green Pod. 

12 i 

11c 

16 

86,7c 

17 1 

146, IC 

18 

8 

10 

7r 

10 

10 

9 

0 

Konserva 

10 

6c 

16 I 

2a, 66 

17 

10c 

17 

4 

14 

7c 

8 

0 

7 

0 

Longfellow 

15 

14c 

11 1 

2a, 96 

17 

126.6c 

17 

3 

14 

10c 

10 

8 

8 

0 

Low Champion Bush 

14 

lie 

12 

5a. 76 

17 

11c 

17 

6 

14 

8c 

10 

10 

10 

0 

New Stringless Green Pod.. 

10 

9c 

13 

2a, 116 

15 

136, Ic 

15 

4 

10 

5c 

10 

10 

10 

0 

Pencil Pod Black W^ax. 

14 

13c 

12 

2a, 106 

19 

126, 4c 

19 

10 

9 

6c 

10 

10 

8 

0 

Red Kidney (Dark Ma- 















hogany strain) 

11 

7c 

13 

2a, 66 

18 

0 

21 

0 

20 

0 

8 

8 

6 

0 

Stringless Kidney Wax 

10 

9c 

17 

6a, 96 

20 

36,3c 

20 

4 

10 

2c 

0 

9 

8 

0 

Sure Crop Wax 

10 

9c 

14 

76,7c 

13 

86 

19 

11 

18 

3c 

10 

10 

7 

0 

Tendergreen 

10 

10c 

10 

7o,36 

17 

46,12c 

15 

7 

10 

9c 

10 

10 

10 

0 

Tennes.see Green Pod 

10 

10c 

12 

6a, 16 

17 

46,1c 

20 

6 

11 

ic 

7 • 

2 

10 

0 

Unrivalled Wax 

13 

2c 

12 

9c 

18 

6c 

19 

6 

14 

3c 

14 

6 

9 

0 

Group 3, resistant: 















Corbett Refugee 

15 

0 

15 

3a, 126 

31 

46,15c 

31 

0 

35 

4c 

10 

0 

10 

0 

Great Northern Idaho No, 1. 

10 

0 

16 

0 

18 

0 

20 

0 

12 

0 

10 

3 

9 

0 

Robust 

10 

0 

12 

2a, 86 

22 

7c 

23 

3 

30 

0 

13 

3 

10 

0 


I a represents death of plant, b serious infection, c mild infection. 

COMMON BEAN MOSAIC 

In table 1 the varieties are grouped according to then relative sus- 
ceptibility to the common bean mosaic. The 7 varieties in the first 
group are very susceptible; the 21 in the next group are moderately 
susceptible; and the 3 in the last group are resistant. It can be seen 
that in most cases a fairly high percentage of inoculated plants became 
infected in group 2 of the moderately susceptible varieties. But the 
symptoms produced were mild, whereas those in the first group (very 
susceptible) were severe. Under field conditions most varieties in 
the second group would not show a high percentage of infection and 
little if any stunting or reduced yield, while in the first group most of 
the varieties, especially the Refugee types, under ideal conditions and 
in some locsJities would show high percentages of disease with con- 
siderable stunting and reduced yield. 
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PEA MOSAIC VIRUS 3 

Ail varieties of beans except Great Northern Idaho No. 1 were 
infect^ with pea mosaic virus 2 (table 1). In most of the inoculated 
varieties a percentage of the plants manifested severe symptoms and 
were killed. In the case of Eefugee 1000-1 and Early Stringless 
Refugee aU of the inoculated plants died. In group 1 there appears 
to be a correlation between the susceptibility of the different vaneties 
to the pea mosaic virus 2 and to the common bean mosaic, because 
100 percent infection was observed in practically aU varieties except 
Red Valentine. In group 2 this correlation is not so evident. Avery 
high percentage of mfection occurred with the production of severe 
symptoms except in the case of Unrivalled Wax. This variety was 
the only one in this group that showed nuld symptoms. Great 
Northern Idaho No. 1, which is resistant to the viruses of both the 
common bean mosaic and pea mosaic 2, offered the only point of 
similarity in group 3. The Corbett Refugee and Robust varieties 
showed extreme susceptibility to pea mosaic virus 2. 

WHITE CLOVER MOSAIC VIRUS 

Thirty^ne varieties of beans were inoculated with the white clover 
mosaic virus, and only the Great Northern Idaho No. 1 was resist- 
ant The Red ffidney (Dark Mahogany strain) alone showed oidy 
local lesions, with no systemic infection. Twenty-two varieties 
manifested very marked symptoms, while 6 varieties were only 
slightly infected. In addition to the mottled mosaic symptoms pro- 
duced on the susceptible varieties, local lesions were produced on 25 
varieties. The varieties resistant to the local lesions were Refugee 
Wax, Black Valentine, Corbett Refugee, and Great Northern Idaho 
No. 1. 

In group 1 all the varieties showed very marked symptoms »f the 
systemic infection except Dwarf Horticultural, which was only mildly 
infected. In group 2 Red IGdney (Dark Mahogany strain) was 
resistant to the systemic infection but susceptible to the local lesions. 
Although the percentage of infection was qmte high in most cases, the 
symptoms produced were severe in 16 varieties and mild in 4. In 
group 3 Great Northern Idaho No. 1 was resistant, while Corbett 
Refugee and Robust were susceptible, the latter variety being less 
susceptible than the former. Regarding the production of local 
lesions, all varieties in group 1 were susceptible except Refugee Wax. 
Dwarf Horticultural and Extra Early Red Valentine were only mildly 
infected. In group 2 only Black Valentine was resistant, while the 
other varieties were only mildly susceptible. In group 3 Corbett 
Refugee and Great Northern Idaho No. 1 were resistant, while 
Robust was susceptible to the local lesions. There appears to be no 
complete correlation between the systemic and the local lesions pro- 
duced by the white clover mosaic virus on beans. 

WmTE SWEETCLOVER MOSAIC VIRUS 

The white sweetcloyer mosaic virus infected 27 out of 31 varieties. 
The 4 resistant varieties were Califomia White, Red Kidney ^ark 
Mahogany strain), Great Northern Idaho No. 1, and Robust. Three 
varieties were severely infected, while 24 showed milder symptoms. 
All the severely infected varieties were of the Refugee type found in 
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group 1. Eefu^ee Wax, however, was mildly infected. In group 2 
most of ^e varieties were mildly infected. Although many of the 
varieties in CToup 1 showed mild symptoms, a high percentage of the 
inoculated plants became infected. In group 2 most of the varieties 
showed lower percentages of infection in addition to the weak symp- 
toms produced. In group 3 the only susceptible variety was the' 
Corbett Kefugee. 

ALFALFA MOSAIC VIRUS 

Alfalfa mosaic virus was infectious to all varieties except Corbett 
Refugee and Konserva. It produced only local lesions. 

BEAN MOSAIC 8 

The data in table 2 show that in general the mosaic virus from the 
hybrid bean produces more severe symptoms on beans than does the 
common bean mosaic. There appears to be no correlation between 
this virus (bean mosaic 3) and the one causing the common mosaic of 
beans. Two varieties (Great Northern Idaho No. 1 and Robust) 
that are resistant to bean mosaic were also resistant to bean mosaic 3, 

Table 2. — Comparative aueeeptihility and resistance of bean varieties to the viruses 
of the common bean mosaic and bean mosaic 3, grouped according to the sus^ 
ceptibility to the common bean mosaic 


Results of inoculation with virus 
indicated > 


f 




Group and variety 


Group 1, very susceptible: 

Dwarf Horticultural.. 

Red Valentine (Extra Early) 

Red Valentine 

Refugee 1000-1 

Refugee Wax 

Stringless Green Refugee 

Stnngless Refugee (Early) 

White Seeded Refugee - . . 

Group 2, moderately susceptible: 

Black Valentine 

Blue Lake 

Bountiful 

Burpee Stringless Green Pod 

Brittle Wax 

California White 

Davis White Wax 

French Horticultural 

Full Measure 

Giant Stringless Green Pod 

Konserva 

Longfellow 

Low Champion Bush 

New Stringless Green Pod 

Pencil Pod Wax 

Red Kidney (Dark Mahogany strain) 

Stringless Kidney Wax 

Sure Crop Wax 

Unrivalled Wax 


Great Northern Idaho No. 1. 
Robust 


Group 3, resistant: 
Corbett Refugi 



1- 

1 Common bean 

I mosaic 

Bean mosaic 3 


Plants 

Plants 

Plants 

Plants 


inocu- 

lated 

infected 

inocu- 

lated 

infected 


Number 

Number 

Number 

Number 


10 

m 

12 

Sc 


10 

85 

10 

5c 


10 

96 

10 

0 


10 

106 

10 

76 


11 

96 

9 

86 


15 

156 

10 

86 


12 

126 

8 

66 


10 

106 

10 

66 

. 

15 

12c 

9 

4c 


9 

3c 

10 

0 


9 

9c 

10 

106 


12 

lie 

10 

106 


13 

12c 

10 

4c 


10 

4c 

10 

0 


10 

10c 

10 

106 


14 

11c 

10 

26 


13 

1 11c 

9 

5c 


12 

lie 

10 

106 


10 

5c 

9 

0 


15 

14c 

9 

7c 


14 

11c 

11 

86 


10 

9c 

10 

lOc 


14 

13c 

10 

4c 


It 

7c 

8 

5c 


10 

9c 

11 

26 


10 

9c 

14 

86 


13 

2c 

9 

6c 


15 

0 

10 

56 


10 

0 

15 

0 


10 

0 

13 

0 


* b represents serious infection; c, mild infection. 
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wMle Corbett Refugee^ which is resistant to the fonner, was i^us- 
ceptible to the latter. Red V^alentine, Blue Lake, California White, 
and Konserva, all susceptible to the common bean mosaic, were re- 
sistant to bean mosaic 3. This virus produced severe symptoms on 
14 of the 30 varieties tested and mild infection on 10, while 6 were 
resistant. The common bean mosaic produced severe symptoms on 
8 varieties and mild infection on 20, wMe 3 varieties were resistant. 

COMPARISON OF LOCAL LESIONS PRODUCED BY WHITE CLOVER 

AND ALFALFA VIRUSES WITH THOSE PRODUCED BY OTHER 

VIRUSES ON BEANS 

The production of local necrotic lesions on beans by a virus has 
been described previously bv Wineard ($1), who reported the tobacco 
ring spot virus producing local lesions, although no description ol 
the symptoms was given. Price (14) records the development of 
local lesions due to tobacco mosaic on 16 varieties of beans. Zau- 
meyer and Wade (24) reported the production of local lesions on 
beans inoculated with the mosaic virus of white clover and alfalfa. 
Pierce (12) compared the resistance and susceptibility of beans to 
the viruses of tobacco mosaic, tobacco ring spot, and alfalfa mosaic. 

In order to obtain a comparison between the local lesions produced 
b^ tobacco mosaic and tobacco ring spot with those produced by the 
viruses from alfalfa and white clover, the work of Price (14) and 
Pierce (12) was repeated in part. Twenty bean varieties were inocu- 
lated with the viruses of tobacco mosaic and tobacco ring spot. The 
tobacco mosaic ^duced s 3 nmptom 8 identical with those described 
by Price (14)- The symptoms due to the tobacco ring spot virus 
^eed with those described by Pierce (12). Thejf appear on the 
inoculated leaves as necrotic lesions which gradually coalesce with 
similar spots and finally cause death of the inoculated leaf of certain 
varieties. The infection later becomes systemic with the final death 
of the plant. All varieties tested reacted similarly. 

The local lesions produced by the alfalfa mosaic virus were brown- 
ish red in color, while those produced by the tobacco mosaic virus 
were dark brovm. The lesions caused by the tobacco mosaic virus, 
according to Price (14) and confirmed by the writers, are never more 
than one-half to 1 mm in diameter, whereas those of alfalfa reached a 
diameter of 2 nmi. 

The local lesions produced by the white clover mosaic virus on 
beans are not identical with those produced by the other two viruses. 
As mentioned previously, they are larger (2K to 5 mm in diameter) 
than those produced by the tobacco and alf^a mosaic viruses. They 
m^ or may not be circular, and the borders are irr^ular in outline. 

Table 3 records the data on the varietal susceptibility and resist- 
ance of beans to the viruses of the four hosts menuoned above, which 
produce local lesions on beans. A complete list of bean varieties is 
not given, but only those that were inoculated with the four viruses. 
A more complete list of the varietal reactions to the local lesions of the 
viruses of white clover mosaic and alfalfa mosaic is given in table 1. 
The resistance and susceptibility of the varieties to the viruses of 
tobaoco mosaic and tobacco ring spot agree with the data presented 
by Price (14) and Herce (12). 
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Table 3. — Comparative varietal behavior of bean varieties roith regard to looA 
lesione produced by the viruses of white clover mosaic, alfalfa mosaic, tobacco 
mosaic, and tobacco ring spot 


Eeaction to virus of— 


Variety 


White clover Alfalfa 

' mosaic mosaic 


Black Valentine — 

Bountiful 

Burpee Stringless Green Pod 

Cornett Refugee 

French Horticultural 

Full Measure 

Giant Stringless Green Pod 

Great Northern Idaho No. 1 

Konserva 

Iaow Champion Bush 

New Stringiess Green Pod*..* 

Pencil Poa Black Wax 

Robust - 

Red Kidney (Dark Mahogany strain). 

Refugee Wax.,. 

Stringless Green Refugee 

Stringless Kidney Wax 

Sure Crop Wax 

Tennessee Green Pod 

Unrivalled Wax 


Resistant Susceptible. ... 

Susceptible do 

do do 

Resistant Resistant 

Susceptible. Susceptible. 

do. do 

do do 

Resistant do 

Susceptible- Resistant 

do. Susceptible.... 

— do do 

do do 

Resistant .do 

Susceptible do 

Resistant do. 

Susceptible do 

do do 

do.. do 

do do 

do do 


Tobacco Tobacco ring 

mosaic spot 


Resistant Susceptible. 

do Do. 

do Do. 

Susceptible.... Do. 

Resistant Do. 

Susceptible .... Do. 

Resistant Do. 

Susceptible.... Do. 

Resistant Do. 

do - Do. 

do Do. 

do......... Do. 

Susceptible Do. 

Resistant Do. 

Susceptible Do. 

do — Do. 

Resistant Do. 

do Do. 

do_ Do. 

Susceptible Do. 


Decided variations are noted in the susceptibility of the different 
varieties of beans to the various mosaic diseases producing local 
lesions (table 3). Of the 20 varieties inoculated, 7 are susceptible 
to the tobacco mosaic virus, all to the ring spot virus, 18 to the 
alfalfa virus, and 15 to the white clover virus. 

Three varieties — Full Measure, Stringless Green Refugee, and 
Unrivalled Wax — were susceptible to the four viruses. Corbett 
Refugee, which was resistant to the alfalfa mosaic virus, was suscep- 
tible to the viruses of tobacco mosaic and tobacco ring spot. Kon- 
serva, also resistant to the alfalfa virus, was resistant to the tobacco 
virus but susceptible to the tobacco ring spot virus. No variety 
studied was resistant to all four of the viruses. 


TRANSMISSION TO OTHER LEGUMINOSAE 

In addition to inoculating a lai^e number of bean varieties, several 
other species of the genus Phaseolvs, as well as species in other genera, 
were inoculated with the viruses of the common bean mosaic, pea 
mosaic 2, white clover mosaic, white sweetclover mosaic, alfalfa 
mosaic, and red clover mosaic. The following Legumino^e were 
inoculated with these viruses from the re^lar hosts: Pigeonpea 
(Cajanus indicus Spreng.), knife bean or swordbean {Canavali ^culiata 
(Jacq.) DC.), chickpea (Cicer arietinum L.), hyacinth-bean (Dolichos 
lablao L.), sweet pea {JLathyrus odoratus L.), lentil (Lem escvlerdd 
Moench), white lupine (lAipinus albus L.), alfalfa (Medicago sativa 
L,), white sweetclover (MelUotus alba Desr.), tepary bean 
acutifoliuB lalifolius Freeman), adzuki bean (P. angvlaris (Wind.) 
W. F. Wight), mung bean (P. awreue Roxb.), rice bean (P , calcaralus 
Roxb.), lima bean (P. lunatus macrocarpus Benth.)> civet bean 
(Henderson bush variety) (P. lunatus L.), urd bean (P. muitflfo L,)^ 
pea (Pisum sativum L.), soybean (So^a max (L.) velvetbe^ 

(Stizolobium desringianum Sort), white clover (Trijohum repens L.) 
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rtd clover {T. wctiense L.), broadbean {Vida Jaba L.), vetch {V. 
americana Mulu.), asparagus-bean {Vigna sesquipedalis (L.) Fru- 
wirth), and cowpea (F. sinensis (L.) Endl.)< The plants were 
inoculated in the usual manner by rubbing the leaves with the dif- 
ferent virus extracts. Table 4 gives the results of these inoculations. 

Table 4. — Susceptibility of various legumes to the mosaic viruses of the common 
bean, pea 2, white clover ^ white sweetclovery alfalfa^ and red clover 


Reaction to virus of—* 


Host 

Pea mosaic 
2 

White 

clover 

mosaic 

White 

sweetclover 

mosaic 

Alfalfa 

mosaic 

Red clover 
mosaic 

Common 

bean 

mosaic 


2 oa 

a 

.2.S 

si 

a 


a 

— -o 

iSS 

£•3 

Sa 

a 

«| 

53 

n 

ce 

-js 

a 

II 


Sa 
* k 

rt O 


® Si 

js*a 

51 



SI 

r i 

si 


|l 


Ph 

94 ® 


Ph® 

94 

94 ® 

P^ 

94 ® 

Put 

P^ 


Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

JVum- 

Num- 


ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

Cajanwt indicus (pii;oon- 









10 

0 


0 

pea) 

Canavali gtadiata (knife 

9 

0 

0 

0 

8 

2 

8 

0 

9 

6 



0 

bean)..... ! 

5 

0 

6 

0 

4 

0 

5 

0 

6 

0 

Cicer arietinum (chick- 











10 


pea)-.... 

11 

5 1 

19 

7 

19 

16 

10 

0 

22 

5 

0 

Polichoi lablab (hyacinth- 





-10 1 




• bean) 

10 

0 

20 

0 

10 

0 

9 

0 

0 

10 

0 

Lathyrui odoratus (sweet 
^ pea, Baltimore Rose i 





10 

20 

19 






Variety) 

10 

c 

20 

20 

18 

17 

10 

11 

0 

Lens esculenla (lentil) — 
Lupinus q bus (white 

16 

10 

23 

22 

24 

19 


18 1 

18 

23 

0 



0 

lupine) 

10 

0 

9 

0 

10 

0 

9 

0 

8 

0 

8 

Medicago sativa (alfalfa)... 

6 

0 

5 

2 

5 

0 

6 

3 

6 

0 

6 

0 

MelUotus alba (white 











10 


sw'eetclover) 

Phaseolus aculiJolitLs lati- 

0 

5 

8 

7 

9 

9 

10 

10 

8 

12 

8 

0 

0 


folius (tepary bean) — 
P. angularis (adzuki 

10 

0 

8 

0 

8 

0 

0 

0 

1 ^ 

bean) 

8 

7 

9 

0 

10 

0 

10 


11 

0 

10 

0 

P. calcaratus (rice bean).. 

18 

0 

19 

0 

17 

0 

16 

6 

18 

0 

9 

! 0 

P. aureus (mun» bean)... 
P. lunatus macrocarpas 

10 

6d 

16 

V2d 

12 

1 4d 

I 

6d 

14 

8 

lid 

10 

10 

! 0 

(lima bean) 

0 

0 

10 

0 

9 

0 

10 

0 

0 

0 

P. lunatus (civet bean, 











Henderson bush vari- 
ety) 

8 

0 

10 

8 

9 

0 

8 

0 

8 

0 


0 

P. mungo (urd bean) 

Pisum sativum (pea, 

10 

0 

8 

5<i 

10 

0 

9 

2d 

10 

0 

8 ' 

0 

Dwarf Telephone vari- 
ety) 

16 

8 

20 

20 

20 

20 

10 

0 

16 

9 

20 

0 

Soja max (soybean) 

Stiiolobium deeringianurn 

10 

0 

11 

0 

12 

0 

8 

0 

12 


14 

0 

) (velvetbean) 

7 

0 

8 

1 ^ 

6 

0 

6 

0 

8 

0 

7 

0 

Trifolium repens (white 









1 



clover) 

6 

3 

6 

3 


0 

6 

0 

5 

0 

6 

0 

T. pratense (red clover).. . 

6 

0 

5 


5 

6 

6 

3 

6 

2 

5 

0 

Vida faba (broadbean). . . 

10 

8 

10 

10 

10 

10 

9 

6 

10 

8 

10 

0 

V. americana (vetch) 

12 

0 

10 

10 

10 

9 

10 

6 

12 

11 

8 

0 

Vigna sesquipedalis (as- 
paragus-bean )... 

10 

0 

11 

0 

12 

0 

9 

0 

10 

0 

10 

0 

V. sinensis (cowpea) 

10 

0 

9 

0 

10 

0 

10 

0 

9 

0 

10 

0 


1 d represents local lesions. 

Previous investigators have tested many of these species with the 
common bean mosaic. Reddick and Stewart {15) report Phaseolus 
lunaius macrocarpus, P. acvlijolius lali^olim, and Vida f aba as being 
susceptible to the common bean mosaic. Fajardo (7) was imable to 
transmit the virus of bean mosaic to other leguminous hosts. Nelson 
(11) found that in addition to the three species reported by Reddick 
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and Stewart the following were also susceptible to the common bean 
mosaic: Phaseolus calcaratus, P. lunatus, P. angvlaris, P, coccineus, 
and Vigna sesquipedalis. He did not inoculate these hosts artificially, 
but relied on natural insect dissemination in the field. 

Pierce {12) confirmed the results of Reddick and Stewart {16) and 
also some of those reported by Nelson and in addition was able to 
infect Phaseolus aureus, Lespeaeza striata (Thimb.) Hook, and Am., 
and Vicia satim L. 

The writers have been imable to confirm the results of these 
investigators, which may have been due to differences in varieties 
within a species. L. striata and V. satim were not used in these tests. 
In a number of instances mild mottling was observed but the symp- 
toms were not definite enough to establish their susceptibility. 

As can be seen from table 4, the host range of the several virus 
diseases shows considerable variation. Pea mosaic virus 2 infects 
Phaseolus angidaris, P, aureus, Oicer arietinum, Lathyrus odoratus, 
Lens esculenta, Melilotus alba, Pisum sativum, Trifolium repens, and 
Vicia f aha. 

White clover mosaic was infectious to Phaseolus aureus, P. lunatus, 
P. mungo, Cicer arietinum, Laihyrus odoratus. Lens esculenta, Medicago 
saliva, Melilotus alba, Pisum sativum, Trifolium repens, T. pratense, 
Vicia f aba, and V. americana. 

The hosts susceptible to white sweetclover mosaic are the same 
as those of white clover mosaic except that the virus of white sweet- 
clover also infected Cajanus indicus but not TrifoHurn repens, Medicago 
saliva, or Phaseolus lunatus. 

Alfalfa mosaic virus showed variations in host susceptibility in 
comparison with the viruses of white clover and white sweetclover. 
Infection was secured on Phaseolus angvlaris, P. calcaratus, P. aureus, 
P. mungo, Lathyrus odoratus, Medicago saliva, Melilotus alba. Trifolium 
pratense, Vicia f aba, and V. americana. 

The red clover mosaic virus reacted similarly to the viruses of 
white clover and white sweetclover. It was infectious to all of the 
hosts that were susceptible to the viruses of these two clovers, with 
the exception of Phaseolus lunatus, P. mungo, Cajanus indicus, 
Medicago saliva, Melilotus alba, and Trifolium repens. 

The various hosts reacted differently to the several viruses. The 
viruses of pea mosaic 2, white clover, white sweetclover, and red 
clover were, in general, infectious to the same hosts. The alfalfa 
mosaic virus varied from these four viruses in host behavior. 

The viruses of pea mosaic 2, white clover, white sweetclover, and 
red clover caused death to both Cicer arietinum and Lens esculenta 
without the production of any distinctive mottle symptom. On 
Phaseolus aureus and P. mungo the mosaic viruses of pea 2 and of 
these three clovers produced local lesions on the inoculated leaves. 
The symptoms first appeared as small irregular brown spots from 
0.5 to 2 mm in diameter. Later the lesions coalesced, forming large 
irregular blotches slightly darker in color than in the earlier stages, 
and covering in some cases as much as one-fourth of the le^ area. 

In general, the symptoms produced on a single host bjr the various 
viruses are alike. However, the several viruses when inoculated to 
the various hosts may produce decidedly Afferent sjrmptoms; as, 
for example, pea mosaic 2 produces local lesions on Phaseolus aureus 
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•aad systemic lesions on the other hosts that it infects. It appears 
that none of the species used in these inocnlaticms can be used success- 
fully as differential hosts in readily distinguishing the several viruses, 
a method that has been shown to be very effective and helpful in the 
separation of the mosaic virus complexes of other host plants. 

Most of the outstanding differences in host reaction of the several 
viruses are noted in table 5. 

Table 5. — Summarized data showing differences in host behavior with mosaic 
viruses of the common bean, pea white clover, white sweetclover, alfalfa, red 
clover, and bean 3, on several hosts 


Mosaic virus 

Nature of 
symptoms 
on beans i 

Number 
of bean 
varieties 

Reaction on— 

Seed transmission through 
beans artificially inoculated 

Phaaeolus vulgaris 

Pisum saiitum^ Dwarf 
Telephone 

PQ I 

si 

n 

§B 

o 

V 

ic 

sf 

1 

Local 

Systemic 

Inoculated 

Susceptible 

Stringldss Green 
Refugee 

Corbett Refugee 

Robust 

Great Northern 
Idaho No. 1 

r^Arnmnn kiAan 


4- 

31 


4. 








Pea 2 

, , 


31 

30 


4- 

4- 


4- 

4 

4- 


White clover 

+ 


31 

29 

+ 

4- 

+ 

— 


+ 

+ 

I — 

White sweetclover 


+ 

31 

27 

+ i 

"t" 




“f 

4- 


Alfalfa 



31 

29 



4- 




4- 


Rod clover 


— 

31 

0 


_ 1 





4- 


Bean 3. 

““ 


30 

24 


+ 








t Minus sign (— ) indicates no infection; plus (-f) indicates infection. 


SEED TRANSMISSION 

It has not been definitely proved that the viruses of any of the 
legumes except common bean mosaic are seed-bome, although pre- 
liminary evidence indicates that the virus may be carried in the seed 
of pea and white sweetclover in small percentages. Since the com- 
mon bean mosaic is seed-bome, it was of interest to learn whether 
the viruses of other legumes, when inoculated to bean, would be so 
transnutted. Unfortxmately, seed from beans infected with pea 
mosaic 2 and alfalfa mosaic was not collected, but that from plants 
infected with the mosaic disease of white clover and white sweet- 
clover was. The seed of these plants was planted both in the green- 
house and in the field and allowed to grow to maturity, but in no 
case did wy of the plants become diseased. Likewise, seed collected 
tsooi Vicia Jaha plants infected with the viruses of these two clover 
mosaics as well as that of red clover mosaic produced healthy plants. 

Larger populations of plants from seed from infected plants are 
necessary for testing before it can be definitely said that these mosaic 
diseases are not carried through the bean seed, but the evidence 
indicates that they are not. 

PROPERTIES OF THE VIRUSES 

Although the properties of the common bean mosaic were studied 
by Fajardo (7) and those of an alfalfa mosaic by Pierce (llS), these 
studies were repeated in part in order to compare them with the 
properties of the viruses of pea mosaic 2, white clover, and white 
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sweetclover. The properties of the common bean mosaic, pea 
2, and white sweetclover mosaic were based on the wstemic lesions 
they produced on Stringless Green Refugee beans. The determina- 
tions of the white clover virus were based on the production of both 

S stemic «id local lesions on this same variety. The properties of 
e alfalfa virus were determined by local lesion production on the 
Red Valentine variet;)r of beans. 

The methods described by Johnson and Grant (5) were, in general, 
used for these determinations. In most cases 15 plants were inocu- 
lated except in some instances where 25 plants were used. The 
material for the thermal death-point studies was prepared by heating 
2 cc of the expressed juice in thin glass tubes in a constant tempera- 
ture bath at the desired temperature for 10 minutes and immediately 
coolii^. The aging tests were conducted by placing the expressed 
juice in test tubes and allowing them to remain in the laboratory at 
room temperatures (75° to 80° F.) for the desired period. The 
dilution studies were made in the usual manner. The chemical 
tests were made by diluting the juice from diseased plants to the proper 
concentration of the chemical desired and allowing it to react for 30 
minutes. 

THERMAL DEATH POINT 

The virus of the common bean mosaic was inactivated at about 
58° C. (table 6), which confirms the results of Fajardo (7) and Pierce 
{ 12 ). The viruses of pea mosaic 2 and white sweetclover were al^ 
noninfectious at this temperature. The virus of white clover mosaic 
producing the systemic lesions on beans was inactivated at 58° to 
60°, and the virus producing the local lesions at 62° to 65°. The 
alfalfa virus was inactivated at the same temperature, which agrees 
with the results of Pierce { 12 ). 

TOLERANCE TO DILUTION 

The viruses of the common bean mosaic, pea mosaic 2, and white 
sweetclover mosaic were not infectious at dilutions greater than 1 to 
1,000 (table 7). The virus of white clover mosaic producing the 
^stemic and local lesions on beans and the alfalfa virus lost their 
infectivity at about 2 to 1,000 dilution. 

LONGEVITY IN VITRO 

The viruses of the common bean mosaic and white sweetclover 
mosaic were not infectious after aging in vitro from 28 to 32 hoi^ 
(table 8). This is in agreement with Pierce { 12 ) with respwt to the 
common bean mosaic. The virus of pea mosaic 2 was inactivated at 
24 to 28 hours. The white clover virus producing the systemic 
lesions on beans lost its infectivity after aging about 32 hours, whereas 
the viru^roducing the local lesions was mactivated at from 28 to o2 
hours. "Kie alfalfa virus was noninfectious at from 3 to 4 days aging. 
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Table 6 . — Comparison of thermal death point of viruses of common bean mosaic^ pea 
mosadc g, white dover mosaic, white sweetclover mosaic, and alfalfa mosaic, as 
determined by production of systemic and local lesions on beans 


Reaction to virus of~ 


Temperature (® C.) 

Common 

bean 

mosaic 

mosaic 2 

White clover mosaic 

White 

sweet- 

clover 

mosaic 

Alfalfa mosaic 

Systemic 

infection 

Local 

infection 

Total lesions 

Local 

infection 

Total lesions 

Plants in- 
oculated 

Plants in- 
fected 

Plants in- 
oculated 

Plants in- 
fected 

Plants in- 
oculated 

f'S 

II 

Cm 

Plants in- 
oculated 

Plants in- 
fected 

Plants in- 
oculated 

Plants in- 
fec ed 

Plants in- 
oculated 

Plants in- 
fected 

Not heated 

54 

No. 

15 

15 

15 

15 

No. 

12 

10 

7 

0 

No. 

15 

15 

15 

15 

No. 

12 

13 

7 

0 

No. 

15 

15 

15 

15 

15 

No. 

12 

10 

8 

9 

0 

No. 

15 

No. 

15 

No. 

»3,715 

No. 

15 

1 

15 

1 

No. 

15 

15 

6 

0 

No. 

15 

15 

15 

15 

15 

15 

15 

No. 

15 

15 

15 

15 

13 

10 

0 

No. 

>1,347 

981 

601 

298 

105 

26 

0 

66 




58 

60 

15 

15 

15 

15 

15 

15 

15 

0 

3,692 
3, 180 
2,718 

0 

62 







65 



















1 Total number of lesions produced on 30 inoculated primary leaves of Refugee Qreen bean variety. 

< Total number of lesions produced on 30 inoculated primary leaves of Red Valentine bean variety. 

Table 7 Comparison of tolerance to dilution of viruses of common bean mosaic, 
pea mosaic 2, white clover mosaic, white sweetclover mosaic, and alfalfa mosaic, as 
determined by production of systemic and local lesions on beans 



1 See footnote 1 to table 6. 
^ See footnote 2 to table 6. 
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Tablsj S.’-’Comparison of resistance to aging of viruses of common bean mosaic, 
pea mosaic white clover mosaic^ white sweetdover mosaic, and alfalfa mosaic as 
determined by production of systemic and local lesions on beans ’ 


Reaction to virus of— 


Time aged 

Common 

bean 

mosaic 

1 

Pea 

mosaic 2 

White clover mosaic 

White 

sweet- 

clover 

mosaic 

Alfalfa mosaic 

Systemic ■ 
infection 

Local 

infection 

Total lesions 

Local 

infection 

1 

1 

h 

Plants in- 
oculated 

Plants in- 
fected 

ii? 

li 

Plants in- 
fected 

Plants in- 
oculated 

a 

S 

11 

Plants in- 
fected 

Plants in- 
oculated 

Plants in- 
fected 

Plants in- 
oculated 

Plants in- 
fected 


No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

None * 

13 1 

13 

15 

11 ! 

16 

12 

15 

15 

‘2,716 

15 

11 

15 

15 

21,710 

20 hours 

15 

11 

15 

4 

15 

7 




15 

8 




24 hours . - 

15 

4 

15 

3 

16 

8 

15 

■’in 

54 

15 

7 




28 hours 

16 

1 

15 

0 

16 

4 

15 

3 

24 

15 

5 




32 hours 

15 

0 



15 

2 

15 

0 

0 

15 

0 




2 days 





15 

0 






15 

12 

17 

3 days 











15 

2 

2 

4 days 




1 ■ 




15 

0 

a 




lilt 



1 


1 








^ See footnote 1 to table 6. 
2 See footnote 2 to table 6. 


RESISTANCE TO CHEMICALS 

The common bean mosaic virus was inactivated by 1 to 200 hydro- 
chloric acid (35 to 37 percent) for 30 minutes (table 9). The viruses 
of pea mosaic 2, white sweetdover, alfalfa, and the virus of white 
clover producing the systemic lesions on beans were inactivated by 
1 to 100 hydroclUoric acid solution, while the virus of white clover 
producing the local lesions was still infectious at this concentration. 
The common bean mosaic virus lost its infectivity when treated with 
50-percent alcohol. Pea virus 2, white clover mosaic virus, and white 
sweetdover mosaic virus were inactivated with 75-percent alcohol, 
whereas the alfalfa virus was still infectious at this concentration. 
The virus of common bean mosaic, that of white clover mosaic produc- 
ing the systemic lesions on beans, and that of white sweetdover 
mosaic were not infectious when treated with a 1 to 500 solution o{ 
37-percent formaldehyde. The virus of pea mosaic 2 was inactivated 
with a 1 to 1,000 dilution. The white clover virus producing the local 
lesions on beans and the alfalfa virus were inactivated with a 1 to 200 
formaldehyde solution. 
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Tablb ^.'r-Cempariten of retittanee to ehemiafU of virueee of common bean mosaic, 
pea nwsttic t, white etover mosaie, white sweetclover mosatc, and aifdlfa mosaic, 
as deierminea by prodnetion of systemic and heed lesions on beans 


Reaction to virus of— 


Chemical i 


None 

Hydrochloric acid . 

Do 

Do 

Alcohol 

Do 

Do- 

JFormaldehyde^-.. 

Do 

Do 

Do 


Strength 
of chem- 
ical 


1 to fiOO— 
lto200.- 
1 to 100— 
25 percent 
50 percent 
75 percent 
1 to 2,000. 
1 to 1,000. 
ItoSOO— 
lto200... 


Com- 

mon 

bean 

mosaic 


I 

sS 


\No. 

12 

6 

0 


Pea 

mo8aic2 


1 

!| 


\No. 

15 

15 

15 

15 

15 

15 

15 

15 

16 


No. 

11 

4 

2 

0 

7 

4 

0 

7 

0 


White clover mosaic 


Sys- 

temic 

infec- 

tion 


■'1 

I 

fin 


\No, 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 


I 


iNb. 

13 

12 

7 

0 

11 

7 

0 

6 

6 

0 


Local in< 


No. 

15 

14 
7 
2 

15 
15 

0 


1 

h 


No. 

2,480 

108 

7 

2 


742 

0 


130 

0 


White 

sweet- 

clover 

mosaic 


.S^ 


No. 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 


No. 

14 

5 

6 
0 
8 
4 
0 
3 
1 
0 


Alfalfa mosaic 


Local in- 
fection 




No. 

15 

15 

15 

15 

15 

15 

15 


No. 

15 

15 

4 

0 

15 

15 

14 


No. 
133,202 
275 
4 
0 


566 

120 


2,610 

1,902 

0 


1 30-minute treatments. 

* See footnote 1 to table 6. 

3 See footnote 2 to table 6. 

* Concentrated solution containing 37-percent formaldehyde. 

DISCUSSION 

The evidence pre^nted in this paper shows that the viruses of 
certain legime mosaic diseases can be transmitted to beans, and that 
under certain conditions, especially in the field, the symptoms of some 
may be mistaken for the common bean mosaic. Under controlled 
conditions in the ^eenhouse httle difficulty is experienced in dis- 
tinguishing the various diseases when the viruses are inoculated to 
bean. The more sxisceptible varieties, such as Strin^ess Green 
Refugee, are especially suitable for such diagnostic purposes. Fur- 
theraore, there is a definite varietal behavior to the several viruses 
which serves as a further means of differentiating between them. 

It has been demonstrated by the senior writer (2S) that several 
species of aphids are capable of transmitting the common bean mosaic 
virus, and it is probable that they are responsible for most of the 
secondary spread of the disease m the field. That some of this 
secondary spread may be caused by aphids transmitting certain of 
the legume mosaic virvaes to bean is entirely probable. It seems 
likely that aphids feeding on mosaic-diseased legumes CTOwing in 
dose proximity to beans may transmit the virus to bean. The extent 
of this spread is not Imown, but in some cases it might be considerable. 
It may tend to explain why imder certain conditions a field containing 
an extremely small amount of primary mosaic infection in the early 
part of the growing season may at the end be very severely infected. 
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Field examinations in many sections of the country have shown 
that the mosaic diseases of some of the clovers are probably present 
wherever the hosts are found. In many of the bean-growing sections 
of the United States the sweetclovers are not only grown as cultivated 
crops but are also found growing in abundance along the highways, 
irrigation ditches, and fence rows. 

Some of the clovers belongi:^ to the genus Trifolium are found 
almost everywhere in the United States where teans are grown. 
No systematic search has been made for the occurrence of the mosaic 
diseases of the legumes already discussed; however, some were found 
without difficulty wherever searches were made. 

The symptoms of the mosaic-infected legumes are more easily 
recomized in the spring and in early summer than later in the season. 
In the case of peas grown at high altitudes, the mosaic symptoms 
are best recognized later in the summer. In general the diseases 
do not appear to stunt the plant, except possibly pea and bean, and 
then only when the infection occurs early in the development of the 
plant. Severely infected white and yellow sweetclover plants may 
be stunted in the spring, but later in the season they appear to be 
almost as vigorous as normal plants. 

Pea mosaic is not so wide-spread as common bean mosaic. Pea 
mosaic vinis 1 has been found by the writers in Maryland, Montana, 
Washington, and California. Linford * in a survey of pea diseases, 
found mosaic in nine States, extending from the Atlantic coast west 
to Utah and Montana. He stated that in Maryland and New Jersey 
it reached its maximum in both abundance and severity. Pea 
mosaic virus 2 has as yet been found only in Maryland and Colorado, 
and it is believed to be less wide-spread than the common pea mosaic 
virus. In the canning sections of the Eastern and Middle Western 
States peas are usually removed from the land before the beans in 
the vicinity have grown to appreciable size, and hence the danger of 
spread from peas infected with virus 2 to beans is remote except 
where crop sanitation is not practiced. In the seed and market gar- 
den growing areas of the western United States peas are seldom grown 
in the same localities where beans are produced, which elimmates 
the probability of mosaic infection from that source. 

White sweetclover mosaic is found abundantly in the District of 
Columbia and in the contiguous sections of Maryland and Virginia, 
It is probably equally as wide-spread in other parts of these two 
States. It has also been found in Wisconsin, Iowa, Nebraska, and 
Colorado. Surveys made in other States most likely would reveal 
the occurrence of the disease in them. 

White clover mosaic is possibly as wide-spread as white sweetclover 
mosaic, but because the symptoms are somewhat inconspicuous it 
may be easily overlooked. It has been found wherever sought, but 
since white clover is not commonly grown in the Western State^ 
it is of little importance there, and would not be a factor in the spread 
of its mosaic to beans. In the eastern and middle western bean- 
growing sections it may be a more important factor, 

Alfaffa mosaic does not appear to be as wide-spread as the vinw 
diseases of white clover ana white sweetclover. A careful search 
has been made in the East and in some of the intermountam otates. 


/ LIKFORD, M. B. PBA DI8EA8B8 IN TH* T7NITED 8TAT18 IN 1828. 
Plant Disease Reptr. Sop. 67: 1-14. 192d. (Mimeographed.l 


XT. S. Dept. Agr.. Bur. Plant Xndos, 
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but only a small amount was found. Under high temperatures 
the symptoms are masked, and since the inspections were made in 
the summer it is likely that it was present out its symptoms were 
masked. Under CaUfomia conditions, Weimer {W) reports it as being 
especially abundant in the sirring of the year before the first cuttii^. 

In the spmg of 1931 white sweetclover mosaic was found very 
abundantly in the vicinity of Rosslyn, Va., and marked symptonis 
wOTe noted on practically all second-year growth. Preliminary evi- 
dence indicates that this mosaic is not seed-borne, but if so it is only 
in smaU amounts. The virus apparently overwinters in the roots 
of the plant and appears in the fust growth in the spring. Aphids 
are commonly found feeding on such plants and probably transfer 
the virus to seedlings. 

The rapidity and ease with which white sweetclover mosaic may 
be transmitted from plant to plant was demonstrated under green- 
house conditions. In the fall of 1932 about 200 healthy seedlings 
were planted in a greenhouse bench. The house was fumigated 
regularly until May, at which time most of the experimental work 
was terminated. At this time about 5 percent of the plants were 
inoculated and produced typical symptoms. The plants were allowed 
to grow during the summer, but no precaution was taken to control 
aphids. In the fall of 1933 all the plants were infected, the disease 
probably having been spread by the aphids feeding on the plants 
during the summer. It is assumed that the disease is spread in this 
inaimer under field conditions from the biennial plant to the seed- 
lings and hence is present every year. 

wTiite clover mosaic does not appear to be spread as readily as 
white sweetclover mosaic, since initially infected areas do not enlarge 
very rapidly. Aphids are found on this clover, but seldom in large 
numbers. The virus appears to overwinter in the roots as it does 
in white sweetclover, and reappears in the new growth in the spring. 

It has already been pointed out that red clover mosaic is not 
transmissible to beans, although it was shown by Doolittle and 
Jones (4), and substantiated bv the writers, that it is transmissible 
to peas and sweet peas. Doolittle and Jones stated that it seems 
probable that red cloyer acts as a source of mosaic infection to peas 
m the field. 

It is quite likely that pea mosaic virus 1 , which is not infectious to 
beans, may have been the same as the one reported by Doolittle and 
Jones (4) and may be identical with red clover mosaic. The fact 
that pea mosaic virus 2 was infectious to beans clearly shows that 
there are at least two forms of mosaic found on peas, and further 
studies may demonstrate more. 

The symptoms of red clover mosaic are not all alike. In fact, 
they may be so variable as to indicate the possibility of more than 
one form. Preliminary studies on peas have indicated that there 
may be two forms, but a more detailed study of the viruses is neces- 
sary before any definite conclusions can be drawn. Whether all 
forms of pea mosaic are actually identical with one or the other of 
the clover mosaic diseases transmitted to peas is stiU unknown. 
Doolittle and Jones (4) were unsuccessful' in transmitting the mosaics 
of sweetclover and bean to gairien peas and sweet peas. The writers, 
on the other li^d, transmitted the mosiac diseases of white sweet- 
clover and white clover to pea and sweet pea. The symptoms pro- 
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duced on pea by these two viruses were indistinguishable from 
those caused by the pea viru^s 1 and 2. They can be identified, 
however, by means of a cross inoculation to beans, where symptoms 
identical to those produced by the viruses of the specific hosts are 
produced. 

Results indicate that there mav be more than one form of white 
clover mosaic, as shown by inoculation studies with beans and peas. 
White clover mosaic was obtained from several sources. Two speci- 
mens collected in the Eastern States gave identical results in that 
both produced local and svstemic infection as previously described. 
Specimens collected in Colorado produced no local lesions, and the 
systemic lesions on Stringless Green Refugee beans somewhat 
resembled the symptoms produced by pea mosaic virus 2 except 
that the infection was not so severe. 

The production of local and systemic lesions on beans by white 
clover mosaic suggests the possibility of two distinct viruses, one 
producing local and the other systemic lesions. Numerous sources 
of white clover mosaic were used in the experimental work, with 
similar results. 

Since many of the clover mosaic viruses can be transmitted to 
other legmninous hosts, it is likely that infection studies alone might 
be misleading. The study of symptoms on susceptible bean vari-* 
etics, and of the reaction to these viruses of the varieties resistant 
to the common bean mosaic, is helpful in separating them. That 
more than one virus may infect a single host is possible. Since white 
sweetclover is susceptible to white clover mosaic, it might harbor 
both viruses at the same time. Two or more viruses combined on 
one host might produce aj’^mptoms on beans diflFerent from those 
reported here. From this it is apparent that symptomatology is 
not alone sufficient in the diagnosis of virus diseases of many of the 
legumes, but that a study of the particular virus as to host reaction 
and properties becomes essential. 

There have been a munber of reports showing that in addition 
to the conunon bean mosaic other viruses are capable of being trans- 
mitted to bean. Carsner (£) showed that the virus of curly top of 
sugar beets is transmissible to beans. Nelson's rugo^ mosaic of 
beans (11) appears to be different from any of the virus diseases 
reported here, especially on the basis of seed transmission. Pierce’s 
yellow bean mosaic (12), on the basis of symptoms, transmission, 
and properties of the vims, appears to be a form of white sweet- 
clover mosaic described previoudy by the ^mters (^4) ^ot truly 
a bean mosaic. It is evident from a comparison of varietal resistance 
and susceptibility of beans that, although yellow bean mosaic is 
somewhat similar to the white sweetclover mosaic described here, 
it is not identical therewith. Pierce (12) reports that no varieties 
of the common bean have been found which are entirely^ resistant 
to the yellow bean mosaic. It is possible that these differential 
reactions may be due to the various bean strains employed. 

Data presented here show' that Great Northern Idaho No. 1 , 
Robust, California White, and Red Kidney (Dark Mahogany strain) 
beans are retistant tp the white sweetclover mosaic virus, merce 
reported no test on the last two varieties, but found the Great 
Northern Idaho No. 1 and Robust varieties susceptible to yellow 
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bean nnmaic. Yellow bean mosaic was reported to be noninfectious 
to peas (Perfection variety). The writers, however, fotmd the 
white sweetclover mosaic to be readily transmitted to thin variety. 

Merkel (10) in his transinisdion work with aphidb concluded that 
the same virus was responsible for the mosaic of Phaseohia vulgarii, 
Pimm sativum, Laihyrus odoratus, Lumms luteua, MdUotua aUis- 
sima, THf(Mum pratense, T. hyhndum, T. repens, AnthyUis vulnerariu, 
and Vvm faba. It is apparent from the writers’ ^ta that more 
than a single virus is responsible for the mosaic diseases of these 
legunras. 

Elliott’s (5) mosaic virus of sweetclover and red clover was shown 
by him to be mutually transmissible as well as infectious to Medicago 
aroMea and Vida faba. He was unable, however, to infect Tdfdium 
repe'M with it. 'This ^rus does not appear to be the same as that 
causing the mosaic disease of white sweetclover and red clover 
reported here, because of the inability of these two viruses to be 
cross-inoculated. The virus of red clover has been shown by Dick- 
son (S) to be transimssible to a number of species of the genus Tri- 
folium and to Medicago lupulina, but not to MdUotus alba or to 
M. offidnalis. This mosaic may be similar to the red clover mosaic 
reported here but different from the pea mosaic virus 2, which, as 
has been pointed out, is not identical with the pea mosaic described 
by Doolittle and Jones (4). Boning’s virus disease from broadbean 
(1), which he was able to transmit to red clover, -crimson clover, 
and peas, may be identical with the pea mosaic virus 1 and the 
red clover mosaic reported by the writers. It may also be identical 
with the pea mosaic of Doolittle and Jones (4). Pierce (12) states 
that the alfalfa mosaic described by h i m was distinct from the 
mosaic studied by Weimer (19, 20) and later by the writers (22, 24). 
The differences were not pointed out. Weimer’s alfalfa mosaic 
differs from the one discussed by Pierce (12) in its reaction to Corbett 
Kefugee bean and to peas. Pierce states that Corbett Refugee is 
slightly susceptible to his alfalfa mosaic, whereas the w'riters were 
unable to infect this variety. He also rej^rts peas as being sus- 
ceptible, while negative results were secured with the alfalfa mosaic 
used in the studies rworted here. Since these differences are slight, 
it is not unlikely that Pierce’s alfalfa mosaic is identical with Weimer’s, 
as reported earlier by the writers (22, 24) as infecting beans. 

Henderson’s ring spot of sweetclover (8), which he transmitted to 
Turkish tobacco and petunia, is distinct from the white sweetclover 
mosaic reported here. The symptoms of this disease on white sweet- 
clover differ from those of the mosaic disease of this host. 

As yet httlo is known regarding the economic importance of the 
spread of the legume mosaics to bean. It is believed that they are 
responsible for considerable losses. Because of the similarity, under 
certain conditions, of symptoms between the common bean mosaic 
and certain of the legume mosaics on bean, it is not unlikely that they 
have been mistaken for bean mosaic. Since the mosaic viruses of 
white clover and white sweetclover on bean have not been proved 
^us far to be seed-borne, it appears, that they will never reach the 
importance of the common bean mo^c. The location of the bean 
plot so as not to be in dore preximity to cultivated legiunes, especially 
the clovers, and the eradication of those growing wild, may be helpful 
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in controlling, at least in part, the secondary spread of these virus 
diseases to beans. 

The development by selection of varieties resistant to the common 
bean mosaic (Corbett Refugee, Great Northern Idaho No. 1, and 
Robust) has b^n accomplished. . These varieties have been used as 
parental stock in the production of other varieties of the canning and 
market-garden types resistant to the common bean mosaic. It is 
possible that varieties resistant to all of the legume mosaic diseases 
can be developed. The facts that Great Northern Idaho No. 1 is 
resistant to most of these diseases and Corbett Refugee and Robust 
are resistant to others offer promising parent material for the develop- 
ment and improvement of other resistant varieties. 

SUMMARY 

The viruses causing the mosaic disease of pea, white clover, alsike 
clover, white sweetclover, alfalfa, and sweet pea are all transmissible 
to beans, while the virus of red clover mosaic is not. The mosaic 
virus obtained from a bean hybrid proved to be distinct from the 
common bean mosaic and from any of the clover mosaics. 

The symptoms of the mosaic viruses from white clover, alsike clover, 
and white and yellow sweetclover, when inoculated to bean, may 
under certain conditions resemble the mottled and chlorotic condi- 
tions of the common bean mosaic. However, a careful examination 
under greenhouse conditions reveals specific differences. 

It is probable that various other mosaic viruses present in the 
several legumes may react differently from those reported in this 
paper notwithstanding similarity of symptoms. 

The legume mosaic viruses produced systemic infection on beans, 
with the exception of alfalfa virus, which produced only local lesions. 
The white clover mosaic virus may produce both systemic and local 
lesions. 

The susceptibility and resistance of 31 bean varieties to the viruses 
of the legumes mentioned were determined. Thirty out of 31 varieties 
of beans tested were susceptible to the pea mosaic virus 2, and the 
white clover mosaic virus produced typical • symptoms on 29 out of 
31 varieties inoculated. The white clover mosaic virus on beans 
produced local lesions' on 26 out of 30 varieties tested. Wliite sweet- 
clover mosaic infected 27 out of 31 varieties. Twenty-mne out 
of 31 varieties of beans were susceptible to the alfalfa mosaic virus. 
The virus of bean mosaic 3 infected 24 out of 30 varieties tested. 

The three bean varieties resistant to the common bean mosaic do 
not react identically when inoculated with the viruses of the various 
legumes. Great Northern Idaho No. 1 is resistant to all of the y^ses 
used except to that of the alfalfa mosaic. Robust is susceptible to 
the viruses of pea mosaic 2, white clover mosaic, and alfalfa mosaic. 
Corbett Refugee is resistant only to the alfalfa virus. Bean mosaic 
vims 3 is infectious only to Corbett Refugee. . _ , , 

The local lesions produced by tobacco mosaic and the tobacco nng 
spot viruses are different from ‘those produced by the inosmc virusM 
ofwhite clover and alfalfa, both in symptoms and in vanetal suscepti- 

T^e various leguminous hosts showed differences m resistance and 
susceptibility when inoculated with the several legume mosaic viruses. 
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No evidence of transmission of white clover mosaic, white sweet- 
clover mosaic, and bean mosaic virus 3 through bean seed was 
obtained. 

The thermal death point, tolerance to dilution, resistance to aging 
in vitro, and resistance to chemicals were determined for all the 
viruses. The thermal death i)oint of the viruses of the common bean 
mosaic, pea mosaic 2, and white sweetclover mosaic was fo\md to be 
between 56° and 58° C. The virus of white clover mosaic producing 
the systemic lesions on beans was inactivated between 58° and 60°, 
while that producing the local lesions on beans and also the alfalfa 
virus lost their infectivity at 62° to 65°. As for tolerance to dilution, 
the viruses of the common bean mosaic, pea mosaic 2, and white 
sweetclover mosaic were not infectious at dilutions greater than 1 to 
1,000. The viruses of white clover mosaic producing both the sys- 
temic and local lesions on beans and the alfalfa virus were still infec- 
tious at 1 to 2,000 dilution. In experiments on aging in vitro, the 
virus of the C/ommon bean mosaic and white sweetclover mosaic were 
no longer infectious after 28 to 32 hours; the virus of pea mosaic 2 
lost its infectivity at from 24 to 28 hours; that of white clover produc- 
ing the local lesions on beans was inactivated when aged from 28 to 
32 hours, whereas the virus producing the systemic lesions was not 
infectious after 32 to 48 hours. The alfalfa viras was inactivated 
after aging for 3 to 4 days. With respect to resistance to chemicals 
there were certain differences between tlie various dilutions of hydro- 
chloric acid, alcohol, and formaldehyde. 

Pea mosaic virus 2 is not believed to be as wide-spread as the com- 
mon pea mosaic. Alfalfa mosaic appears to be limited in its dissemi- 
nation. The mosaic diseases of w'hite clover and white sweetclover 
have been found in many localities, and it is assumed that they are 

E resent wherever the hosts are grown. It is possible that beans may 
ecome infected from the various l^me mosaic viruses in the field 
as a result of aphid transmission. Until varieties resistant to these 
diseases have been developed, bean fields should be located as far 
from infected commercial clover plantings as possible. The elimina- 
tion of legumes growing wild along roadways, fence rows, and irriga- 
tion ditches may prove an effective control measure. 
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RANDOM SAMPLING AND THE DISTRIBUTION OF 
PHENOTYPES ON EARS OP BACKCROSSED MAIZE ' 

By Geobge F. Sprague 

Associate agronomist, Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

The distribution of a given phenotype on ears of maize (Zea mays L.) 
segregating for an endosperm character should be purely random if 
determined by chance alone. In classifying kernels on backcrossed 
ears the writer gained the definite impression that the distribution was 
not random. In conversation with other investigators he found that 
some held a similar opinion and that others thought the distributions 
were quite random. The data presented here were collected to test 
the randomness of distributions of two contrasting phenotypes. 

MATERIAL AND METHODS 

Maize plants of the constitution Y-y Su-su were pollinated with 
y-su pollen. This jpermits the expression of the gametophyte as 
deteimined at meiosis in the pistillate inflorescence. The cross made 
in this way also permits a more accurate separation of yellow (F) and 
white (y) seeds and eliminates any possible disturbing effect of pollen- 
tube growth factom or differential establishment of pollen tubes. 

The phenotype of each kernel for each of 81 ears from this cross was 
recorded by code^ as illustrated in fi^re 1 . The frequencies of ^oups 
of 1, 2, 3, etc., mdividuals were then tabulated. It was ori^aUy 

{ >lanned to study the distribution of phenotypes both vertically and 
aterally on the ear. During the accumulation of the data, however, 
it became apparent that distribution in the lateral direction might be 
inaccurate because of spatial changes occurring between meiosis and 
maturity. The data presented represent the distributions in vertical 
rows only. 

EXPERIMENTAL RESULTS 

The contrasting phenotypes, Y-y and Su-^su,^ are expected to occur 
with equal frequency. 1/ilth random distribution the expected num- 
ber of groups of a stated size will be given by the expression (.5”)^!^, 
where n is the number of kernels in the group m question and N is the 
total number of groups. 

Two m.ethods have been used in estimating the randomness of the 
various distributions. The first estimate used was P, calculated from 
the X* test. The second method * attempts to answer the question 
whether or not the data are consistent vdth an independent 1 : 1 chance 
for each kernel. If there are a individuals in a set of consecutive 
kernels, the phenotypic change from one kernel to the nei^ is mde- 
pendently decided a— 1 times. The number of possible changes in 
any given population is then 1). If this value diffem signifi- 
cantly from half ^at of S(a), then an independent 1:1 chance for 

> Received for publication July 24, 1936; issued December 1936. 

» The writer is indebted to R. A, Fisher tor suggesting this procedure. 
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Figure l.— Method of recording the phenotypic constitution of individual kernels on a backcrossed 

ear of corn. 
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each kernel has not been realized. The deviations of %S{a)—8{a—l) 
divided by the probable error furnish the second estimating statistic. 
Hereafter the first method will be designated as the probability method 
and the second the deviation method. 

The observed frequencies for the individual phenotypic classes are 
presented in table 1. It is quite apparent that the distributions are 
not random in any case. The distributions of the sum of the yellow- 
white and starchy-sugary group also are presented. This distribu- 
tion is merely one of groups of a given size irrespective of phenotype. 
In both the yellow-white and starchy-sugary combinations the x* 
values are higher than those of either component distribution. This 
indicates that the distributions tend to be biased in the same direction. 
It is apparent that this bias operates to increase the number of groups 
with one kernel per group and decrease the number of groups with 
three or ro.ore kernels. 


Table 1. — Frequencies of phenotyfdc groups of a given sizCy and probability of 
randomness of these frequencies 


Kernels jter group (number) 

Frequencies of groups of phenotype indicated 

y 

y 


Su 

8U 


1 

2,522 
1. 159 
595 
256 
124 
67 
25 
13 

9 

2,572 
1, 155 
553 
265 
111 
61 
24 
17 
14 

5,094 

2,314 

1. 148 
521 
235 
118 
49 
30 
23 

2,532 
1, 213 
536 
265 
126 
50 
34 
11 
12 

2,639 
1, 148 
522 
255 
117 
67 
33 
11 
11 

5,171 

2,361 

1,058 

520 

243 

117 

67 

22 

23 

2 

W 

5 

G 

hI- -- ^ 

9 + 

Total ----- 

X* 

P - 

4, 770 

4,762 

9. 532 

4, 779 

4, 803 

9, 582 

30.45 

<0.0002 

45.89 

<0.0002 

70.81 

<0.0002 

36. 51 
<0 0002 

^ 57. 96 
<0.0002 

87.88 

<0.0002 


Missing kernels should occur in the different classes in proportion 
to the total number of kernels in each class. Twenty-five percent 
therefore should occur in classes of one individual, 25 percent in 
classes of two individuals, etc. Missing kernels in the first class will 
result in an increase in group size because of combining adjacepj 
groups. Groups originally involving two or more kernels but depleted 
by a single missing kernel will contribute equally to all groups smaller 
than the one in \raich the miss occurs. The occurrence of groups of 
missing kernels, which is noted much more rarely, likewise contrm- 
utes to the smaller groups, though the contributions may not be 
equal. The net effect is an increase in the number of one-kemel 
groups and a decrease of all other size groups. 

The distribution of groups adjacent to a missmg kernel was tabu- 
lated and found to be in general agreement with the expectations 
outlined above. This indicates that missing kernels is one factor 
contributing to the bias indicated in table 1, and m consequence 
correction for missing kernels appears legitimate. v • i. 

Missing kernels may be corrected for m two wajs, by elimmatmg 
all kernel rows with missing kernels and by elimnatmg the 
adjacent to a missing kernel. A prion it would appear mat tnese 
two methods should oe equally effective. Ihe comparative results 
are presented in table 2. ‘ 
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Tabl£ 2, — Estimates of randomness of the frequencies of phenotypic groups after 
correction is made for missing kernels 


Sjjroe of data 

Estimat- 

1 Values for phenotype indicated 

ing sta- 
tistic 

y 

y 

y^v 

8u 

9U 

Su+au 

Entire data! no correction. 

PI 

<0.002 
7. 92 

<0.002 

10.26 

<0.002 
12. 66 

<0.002 

8.9 

<0.002 

10.6 

<0.002 

13.8 

Corrected for missing kernels.. 
Elimination of groups adjacent 
to skip ^ . 

D* 

fP 

.29 

.25 

.04 

.07 

.06 

,01 

(d 

2.8 

4. 1 

4.5 

4. 2 

5.4 

6.5 

Elimination of kernel rows 


.38 

.35 

. 11 

. 15 

.01 

.02 

containing a skip 

(d 

2.0 

3.0 

3.5 

3.4 

5.4 

6.2 




I Determined from x*- * The deviation of H'S(o)“-'Sf(o—l) divided by its probable error. 


When the correction for missing kernels is accomplished by elina- 
infttin g groups adjacent to the skip (table 2, method 1), the distri- 
bution for each phenotype is within the limits of random sampling as 
estimated by P determmed from x‘- The fits for the starchy and 
for the sugary distributions are considerably poorer than those for 
the yellow and white. In both cases the distribution of the sums 
gives a poorer fit than either component, indicating that a slight bias 
still exists. 

When the correction for missing kernels is accomplished by elim- 
inating kernel rows with missing kernels (table 2, method 2), the 
probability for the randomness of all distributions, save one, is 
slightly higher than when the previous method of correction is used. 
The diflFerences between the two methods, however, are not significant. 

The corrected data indicate that for the starchy-sugary distribu- 
tions a significant bias still is operative. There is a suggestion that 
a smaller though similar bias is operative in the yeUow-white distribu- 
tions. The deviations on the basis of an independent 1 : 1 chance for 
each kernel are clearly significant. 

In the maize ear, judging from the development of the silks, meiosis 
begins in a region near the base of the ear wd proceeds in a regular 
manner in both directions. The distribution of the end group of 
each kernel row n^ht conceivably be biased, owing to a possible 
limitation in size. The possibility was tested by separating tne pop- 
ulation into two subgroups. One subgroup was composed of the end 
group of each kemd row, and the other was composed of the re- 
mainder of tiie ear. The results are presented in table 3. The sub- 
group composed of the end group of the butt and tip of each kernel 
row IS quite random, as uuucated by both the probability and the 
deviation methods. The sul^roup composed of the remainder of 
the ear is clearly not random. The distributions of these two sub- 
groups for the total Y-y and Susu phenotypes are compared with 
theoretical expectancy in figures 2 and 3. 


Table 3. — Estimates of randomness of the frequencies of phenotypic groups after 
separation is made into huttdip and middle subgroups 


Source of data 

Estimating statistic 


y 

V 

1 y+n 

Su 

1 8U 

Sa+stt 

Subgroups: 

Butt-tip 

Bemainder. 



D* 

P 

0.49 

.1 

.51 

2.8 

0.26 

.8 

.09 

5.2 


0.76 

L7 

.04 

4.1 

i 

0.47 

.4 

.001 

7.0 


> Detiarmiiied from x’- * The deviation of 8(0— 1) divided by its probable error. 
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A bias which mvolves all portions of the ear except the end groups 
might arise through limitations imposed by the length of each kernel 
row. As an ei^reme example, a group of 8 kernels could have its 
point of origin in only three places in a row having only 10 kernels, 
and only one of these could be included in the subgroup Htwig ru^ t Ad 
as “remainder” in the preceding paragroph. In other words, only' 
10 percent of the theoretical places of origin can lead to an inner group 
of eight kernels. A similar but decreasingly important limitation 
will he noted as longer tmd loiiger rows are involved. An estimate of 
the importance of tihis limitation was obtained by selecting two sub- 
groups from the total population. One group was composed of ears 



Figure 2. — 'Comparison of observed and theoretical distributions in the subgroup composed of the butt 

and tip end groups. 

having 25 or fewer kemelB per row with a mean of 19. The con- 
trasting group had 35 or more kernels per row with a mean of 38. 
The comparisons are presented in table 4. 


Table 4 . — Estimates of randomness of the frequencies of phenotypic groups after 
teparcUion is made into long and short kernel row subgroups 




Values for phenotype indicated 


Source of data 

Estimating statistic 

y 1 

y 

Y+y ; 

Su 

$u 


Subgroups: 

/P» 

k’ 

0.06 


0.12 1 

0.50 



0.76 

85 or more kernels per row. 

EfTil 

2. 13 
.14 


.37 

7.01 

2.57 

.30 


2.05 

.01 

5.80 

26 or fewer kernels per row 

{S:::;;::::;::::: : 

j 3.77 1 

2.78 

1 4.64 1 

6.44 

1.72 




I Determined from x>. • The (Je.l»tlon of MS(«)-S«i-l) divided by Itenrobabie error. 
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In the majority of cases the distributions for the ears with longer 
kernel rows are more nearly in accord with expectancy than for the 
shorter, though the differences are not great. By a process of com- 
bining adjacent end groups when similar in phenotype, it is possible 
to consider the materi^ from the 81 ears as belonging to a single 
kernel row and thus eliminate variations due to length of row from 
car to ear. This has been done, and the comparison is presented in 
table 5. 


Table 5. — Estimates of randomness of the frequencies of phenotypic groups when 
the entire population in treated as a single kernel row 


Value? for phenotype indicated 


Source of data 


Estimating statistic 


Y 

V 

y^y 

Su 

8U 


0.11 

0.77 

0.10 

0.36 

0.72 

0.95 

1 22 

1 

.12 

.05 

.28 

1.31 

1.29 


All ears combined in 1 kernel 0.11 0.77 0.10 0.36 0.72 0.05 

- 1 22 .12 . 95 . 28 1.31 1.29 

1 Determined from x’ 

» The deviation of 5(a) -S(o-l) divided by Its probable error. 

This distribution was also corrected for missing kernels by dis- 
regarding groups adjacent to a missing kernel. When this comparison 
is made the distribution is entirely random as judged by either esti- 
mating statistic. This distribution for the Y-y segregation is given 
in figure 4. 

The segregation for the contrasting allelomorphs F-y and bu-su 
are in fair agreement with the expected 1:1 distribution as judged by 
their deviation-probable error values, but there is a slight excess over 
expectancy of ears having large deviations. A comparison of the 
relative agreement with expectancy for ears of this group with ears 
whose deviations are half their probable error or less showed no 
significant difference between these two subgroups. , 

The correlation between size of adjacent groups was determmea 
from a double-entry table. In the preparation of this table, butt aim 
tip groups and groups adjacent to a missing kernel were not 
Thus the first and last usable groups of each kernel row were involved 
in only one comparison, while the intervening groups were 
The values of r so calculated were found to be — 0.001 i 0.008 for the 
Y-y and — 0.004 ± 0.0123 for the Su-bu phenotypes. Neither of these 
values differs significantly from zero, which is the value expected 
with a purely random distribution. 

SUMMARY 

The distribution of groups of 1, 2, 3, etc., kernels of the yello^ 
white and starchy-sugary phenotypes was studied on 81 ba 
ears of maize. The data as origmally collected were found not to be 

.umber of group, with . kernel per 
group and to reduce the number having 3 or inore. , , 

Missing kernels and length of kernel row were foimd for thSe 
chief sources of this bias. When corrections were inade for these 
disturbances, the distributions were well m accord with expectancy. 
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ZZilZk \ Zklllll 8611111I221231 11 3211 2122111(1 
26^131 21222U2118 1121336113114 21 2311 1321131( 
211226 3113211111 1111121 4*3 2112 12 1211 34123212 
23 7*2 21 2132221121 3212141118113 12 l4ll 22111122 
312121 3211111354 7131111221111 13 3162 32131111 
122212 1223222231 1212213133622 33 1251 32121121 
141342 6111241213 1112111176112 22 1211 12112111 
231411 4111435311 1132222121221 14 1434 33122113 
111211 2423211111 2811121111214 31 4124 32312111 
321111 1121241133 1112112211111 11 1112 14111211 
I8I3II 1211221221 1131133141117 11 1112 11212124 

121131 3121321211 1112214212212 12 2311 13131114 

1X4123 5122232321 71 5*3 132221242 14 1253 13511111 
211111 1111113334 3121141131232 21 1611 32623421 
312111 1111223111 3136312131142 32 1111 42111131 
112124 1322123313 1111214211121 12 1212 12212331 
641341 2231132111 3141312112111 19 3122 13112311 

312124 2221111111 3412211111111 21 231I 31123112 
312211 1214114 9*2 1 1333511332312 11 2613 31221111 

311112 3113121211 1111111112112 22 1113 31212121 

131321 2111113112 1711734222122 25 1213 11141113 

311126 3122322111 3111211326411 12 11 3*4 23312332 
121223 1412361x61 1322122112412 42 3311 11222321 
322221 1131614222 1311142111221 31 1111 12112121 
311111 1113222111 1123311231112 43 1111 12212361 
711122 2122211333 2111148333111 32 2311 31111424 
221112 2122181222 4112214123111 12 2214 13134323 
111312 1624132134 4341323141332 12 3211 11112113 
133224 1222111212 1123311311111 21 1111 34212114 
182116 2111142121 12211 2*1 212116 42 2111 71122141 
241111 4217323312 121123 2*2 32112 41 1634 12122133 
141221 1323111121 2111132111111 11 2321 12224312 
111242*2315211411 511 4*1 11223142 31 1223 33113 2*1 3 
111422 2337113211 1111412113111 11 4111 21123111 
631441 8322111132 1132211112131 42 1141 11122132 
113421 1111111213 1311123212112 11 1321 1111111? 
221132 2341113314 10 122131111112 12 3111 11323111 
212161 3128111112 3122142123221 41 1112 22632113 
113311 2438242191 3212111316212 46 I9II 11121314 
111311 3112212113 2314422112131 11 1 2133 46211122 
1 3*1 111 4211231161 1111411224132 21 III3 21121241 
112111 1111331131 1124114111271 21 1143 11331123 
131216 1141112323 7212122161111 22 l4ll 11321231 
313311 1221131312 1111131132123 31 1312 31116111 
1112 4*4 1111322212 1131221313121 13 1321 11321313 
111121 41122122^3 1111127162111 13 1233 22112111 
4*3 2111 2341411312 2111212214162 11 1221 13621213 

211154 1411331342 1332141326111 22 3243 23341722 
113243 1191213462 1111312226232 31 2333 41221112 
112311 1314221211 2321121311221 13 2113 1231114' 
123213 1222123423 2421113814132 1114142 2231212 
114111 3113111311 3212111121331 3*1 1111 11311112 
813321 2122133122 2131411133143 22 1633 12223111 
262313 6211121122 2313111x23131 31 1121 21143411 
21 3*2 23 1112X62331 1211132211421 12 3121 22 4*2 1111 
131312 3311111141 6141213411164 43 2112 12 1411134 
142112 2121233433 3611131112121 11 1211 32211211 
323311 1121342132 111>212111133 21 1312 13721121 
313221 3121612161 1 6*3 2433133213 11 4221 31131233 

132112 1X21111221 IIIIJIII32322 43 1333 31211211 
111X11 11 221124111 1232341162211 13 1133 32232112 
111331 2421113312 2211231422143 21 3213 23321111 
121232 2312112222 1221114112232 4l 2222 11321312 
221211 1171131321 1112111111231 17 1111 21111211 
113212 1212211232 2344132112311 21 1311 31323131 

122121 1313411421 3314411424112 11 6216 X111121 
321312 2111132362 2131314114111 12 2111 1211223 
331221 1142111121 22342 3*1 111411 12 3331 2332143 
313411 4122313131 1111211111212 32 1241 2232211 
221111 3121211332 311131132j|322 32 1331 3322213 
437112 1111214 111 1113212121323 28 3121 2121134* 

122231 2113132111 1211111132211 12 I3II 1111113 
122111 1121112122 II2IIIII213I6 31 2112 3132111 
291724 2116121372 3411111426231 13 4143 2211213 
141313 3213122221 2212112328211 12 3111 112X631 
231111 1331132424 6121112141412 11 2361 1132221 

121161 4132181221 1712131231112 31 1211 2132131 
121131 2131713 4*1 1 4121275312112 33 2131 821111 
311412 1333223211 3412114146113 11 2331 1112213 

311193 1131171121 2174221111121 22 2621 1322314 

a £ LOAf&s to HUMseft r^jtr /r folloi¥s 

Figure 4.'-‘Distribution of the phenotypes from 81 ears considered as being from a single kernel row* 

Starting at the top of the left column, the distribution proceeds down each commn progressively toward 
the right. The classes marked with an asterisk represent combined classes at the Junction between two 
ears. A horizontal dash between classes indicates a junction between ears in which the end groups were 
unlike and therefore not combined. 
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INTERGENERIC HYBRIDS OF TRITICUM AND SECALE 
WITH HAYNALDIA VILLOSA' 

By W. J. Sando 

Ansoeiaie affronomint, DMsimt of Cereal Crops and Diseases, Bureau of Plant 
Industry, United States Department of Aftrimlture 


, INTRODUCTION 


In recent years, particularly during the last decade, considerable 
effort has been directed by various investigators to the hybridiza- 
tion of the genus Triticum with the closely related genera Aegilops^ 
/^ecale, Uaynaldia^ and AgropyroB. This has been done to extend 
the knowledge on their genetics and cytology, to supply possible in- 
formation on the phylogenesis of Trlthum^ and to determine fur- 
ther the economic possibilities of intergeneric and interspecific hy- 
bridization. 


The early literature involving hybridizations of Triticum^ 
Aegilops^ and Secdle has been reviewed by Bleier (i),^ Kajanus (^), 
Watkins (i^), Longley and Sando (^), and others. More recently 
Oehler {6) has published an extensive paper on crosses of Triticum 
with Aegilops, Of the 5 genera, i. e., Triticum^ Aegilops^ Secale. 
Hayrdldia. and Agropyrmi^ the last 2 have received less attention 
by investigators. 

Haynaldm has been classified botanically under Tritijcum^ Secede^ 
and Affropijy*on and as an indei>endent genus. The writer considers, 
however, that Hayticddia is differentiated from Triticum^ Secede^ 
AegUops^ and Agropyi'mi by characters of sufficient taxonomic im- 
portance to be considered a separate genus. 

As early as 1014 Raineri (6') reported the production by Stram- 
pelli in Italy of hybrids between Triticum villosvm {Hayncddia) 
and Tvitipum. Tschermak (7, 8, 9) also obtained hybrids between 
T. villosum and several species of Triticum^ one of which {T. villo- 
mm X T, turgid%im) was fertile. 

Bleier (^), Tschermak (^, .9), Tschermak-Seysenegg and 

Oehler (5) reported hybrids between Triticum. viUosum and Aegi- 
lops. Only recently (1933) Verushkine and Shechurdine {11) re- 
ported the hybridization of Triticum with Agropyron. , , 

The present paper records results from the hybridization of 
Haynaldm villosa (L.) Schur. with different species oi TnUcum 
and with Secalc fragile L. Illustrations of the parents and hybrids, 
together with detailed morphological descriptions, illustrations, and 
data on fertility, are also presented. 


‘Kec‘<>Iv<*d for publication July 11. IWIR; issued January 1930. 
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MATERIAL AND METHODS 

The seed of TrUiewm dicooeoides Koern., T. dieoccum Schr^k, 
T, dmnum Desf., T. twgidtm, L., T. polpnicum It., T. wdgwre Vill.,® 
T. comnactum, Host, T. tvelta L., ana Seode cereciU It. were obtained 
from t£e collection of the Diyisiim of Cereal Crops and Diseases, 
Bureau of Plant Industry, United States Department 6f Agpcul- 
ture. The seed of T. aegilopoides Forsk., T. timopAeevi Zhuk., 
Secede fragile, S. cereede subsp. amioestreie Zhuk., and Haynoddia 
vUlosa were obtained from Dr. P. M. Zhukovsl^ of the Bureau of 
Applied Botany and Genetics, Union of Soviet Socialist Republics. 

The crosses herein reported were made in the spring of 1980 in 
a greenhouse on the Arlington Experiment Farm, near Washin^n, 
D. C., and tbe parental and hybrid plants were likewise grown there. 
Preparatory to hybridization several upper and lower spikelets on 
a head were excised before blooming. Emasculation of the remain- 
ing flowers was then effected and the head enclosed in a glassine bag. 
Several days later when the stigmas had reached the stage of recep- 
tivity the glassine bags were removed and iiollinations made, after 
which the glassine bags were again replaced until maturity. Hay- 
neddia viUom was used as the pollen parent only in all of the crosses 
herein recorded. 

To avoid unfair comparisons of characters subject to variation 
when plants are grown under different environments, all of the par- 
ents and hybrids were grown together in the same greenhouse in 
6-inch unglazed earthen pots filled with a uniform mixture of com- 
posted soil during the same perio<l of a single year. 

Table 1 gives a list of the crosses and the results obtained. 


Table 1. — Crosxea made with UaynaMia vUlota as the male parent, and resutlH 

obtained 


Female parent 


TrUkum uegilopoidts 

T. Umophee$t 

T. dkoeeoidet var^jpoTUantoniffrum 

T. dieoccum var. SBBpli 

T. dieoccum var. Black Winter 

T. durum var, Amautka 

T. durum var. Mindum 

T. durum var. Kubanka 

T. turgUtum var. Alaska 

r. polonicuu var. O. I. 74fl8 » 

T, vutgare var. 0. 1, 6223 * 

r. vutgare var. Hard Federation. 

T. vutgare var. Velvet Obatf 

T. vutgare var, Nittany 

T. compaetum var. Coppei 

T. vpeUa var. Alatroum 

Seeale eertale var. AbruEaea— 

fif. eereale subsp. aneeetrale 

8. fragile. 


Flowers 

pollinated 

Seeds 

obtained 

Seeds 

iiown 

Plants 

obtained 

Number 

Number 

Number 

Number 

160 

41 

10 

0 

64 

4 

2 

2 

116 

20 

17 

7 

1R8 

14 

5 

1 

32 

0 

0 

0 

no 

14 

5 

5 

06 

8 

3 

1 

62 

15 

7 

3 

156 

60 

IK 

15 

140 

13 

5 

2 

325 

8 

8 

M 

00 

0 

0 

0 

120 

0 

0 

0 

400 

1 

1 

0 

130 

2 

2 

0 

05 

0 

0 

0 

146 

0 

0 

0 

80 

0 ; 

0 

0 

70 

35 

14 

7 


> Accession number of Division ot Cereal Crops and Diseases. 

> Died before formation of t|iird leaf. 


The more gross characters were studied by simple inspection, 
while the less gross, such as trichomes, required the use of a binocular 
dissecting microscope ^urately to record form and dimensions. 
Because of the great variation in their lengt^ diameter, and ^tribu- 
tion the trichomes were studied in considerable detail. To differpn* 


* Accordiog to tbe rulea ot botanical nomenclature the name of thie epedea la TriUeam 

to general uae among agronomlata. ceireal patbo1oglata» 
and genettdata, tbe writer givea preference to tbe latter form. 
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tiate the variations of more or less similar morphological structures 
the terms used in this paper are defined as follows : 

A trUsfwme is any epidermal hair structure. 

A papitta Is a minute* usually slightly pointed l>eadlike protuberance 0.02 to 
0.05 mm at its greatest diameter and 0,02 to 0.05 mm In i>erpendicular 
extension. The small papillae shown In plate 1* A, were found on the exterior 
surfaces of the glumes and lemmas of various spe<des of Tritimm and Hecate 
The large patdilae shown in plate 1, B, are 0.025 to 0.05 mm in diameter and 
0.02 to 0.05 mm in length and were found on the glumes and lemmas of 
Plate 2, B, shows large papillae found on the lemmas of 

Haynaldia viUcM, 

An aaperite Is a short* tapering* rigid antrorse point or Shan) protmherance. 
The asperltes shown in plate 1, <7, are O.OS to 0.2 mm in diameter and 0.00 
to 0.5 mm in length and were found on the awns and on the exterior surfaces 
of the glumes, lemmas, and h?af edges of species of Heoale, and 

ffaymtdia^. Plants bearing small asperltes or rigid antrorse i>oints are 
designated scabrtd. 

A »pur aMperitr is a larg'c* as}>etite which resembles in shaiie the horny 
apiieiidage on the leg of a cock. Tim spur asr>erltes shown in plate 1, jD. are 
0,07 to 0.3 lum in diameter and 0.5 to 1.0 iniu in length and are found on the 
keels of lemmas of Secale species. Plants l>eHrliig spur asperltes are designated 
scabrous. 

A superasperite is a greatly enlarged asperite. 0.0.5 to 0.2 mm in diameter 
and 0.0 to 3 mm long. ' i$uperasi)eHtes are found on the glumes of Triti(*am 
polonkfmn, T. Hmopheevi, and the F*i hy^brlds resulting from the hybridising 
of ffapnaldia with all of the sjiecies of Hccale and 7'ritieum except T» poloni- 
rum. Plate 1, B* show's superasi>erites produced on the glume and lemma 
kinds of an Pi hybrid resulting from the crossing of T, targidmn^ which i)os- 
sesses asiierites on Its glume and lemma keels like those shown in plate 1, O, 
with If. vUloaa, widch i^oesesses bristles on its glume and lemma keels like 
those showm in plate 1, Of. Plato 1, P, shows superasi writes pn^luced on the 
lemma keels of hybrids lietwwn H. fraiHie, whl<*h jKjssi'oses asiwrltes on its 
lemma keels like those shown In plate 1, B, and B. rillom, which possesses 
bristles on Its lemma keels like those showm In plate 1* G. 

A hriHilc Is n stiffish, resilient, acimlar process 0.02 to 0.05 mm in Its 
greatest diameter and 0.2 to 5.0 mm in length. It is usually thicker in the 
middle than at either end. The bristles illustrated in plate 1, (3^, are 0.02 to 
0.0,5 mm in diameter and 0.2 to 5,0 rum In length and are found on the lateral 
edges of the rachls Inteniodes and usually in a tuft at the base of the spikelets 
of siKKies of Tritfcumy Hecale^ and ffapnaldia. They are also present In tufts 
on the keel of the glume and apex of the lemma of ffapnaldia. 

A hair is a .slender flexible pr(H*ess 0.015 to 0.1 mm In diameter and O.I to 
0.0 min in length. From its greatest diameter at the base It taiwrs to a point. 
Hairs 0.25 to 5 mm in length and 0.03 to 0.00 min in width are found on the 
auricles f>f species of Trittowm, Seeah\ and Hapnaldta. The liairs illustrated 
In plate 1, if, are 6 min long nhd 0.07 to 0.09 mm in diameter at the base. 
These long hairs are found on the auricles of hybrids of T. polonicntn and 
T. iiniophectH with if. viUosa. The liairs illustrated in plate 1, f, are 0.02 to 
0.04 inm in diameter and 0.7 to 1.7 mm in length and are UKiated on the lodl- 
cuies, eilges, and upper and lower surfaces of the leaf blades and the edg^s 
and exterior surfaces of the leaf slmaths of Triticum, ffapnaldia, and 
The hairs shown In plate 1, •/, are 0.015 to 0.03 mm In diameter and ^1 t<> 0.2 
mm long and are found on the leaves and nodes of some species of Tritwum. 
This type of hairiness is referred to as puberulence. The hairs illustrate m 
plate 1, JSr, ai*e 0.015 to 0,03 thm in diameter and 0,3 to 0.7 mm in length and 
may usually he obserred on the exterior surfaces of the glumes, lemmas* and 
paleiis of certain varieties of Tritienm and Hecate. This tyiie of hairiness is 
referred to as pubescence. 

THE PARENTS 

HAYNALDIA VltLOSA 

The plants of Haytuddia villocm have an upright habit ^ growth 
and in the writer’s cultures liave attained an average height at ma- 
turity of 124.5 cm. The culms are hollow at a point 2.5 cm 
the head^ glaucous, glabrous, and plirple-pigmeuted (pL 2, A; pi. o, 
O). The nodes are glabrons. 
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The leaf blades are 7 Him wide and covered on the upper and lower 
surfaces with soft hairs 0.5 to 1 inm long. The edges of the leaf 
blades are scabrid and beset with hairs 1 to 2 mm lonff. The leaf 
sheaths are striate, usually weakly purple-pigmented, glaucous, and 
glabrous. One plant was observed with a trace of hairs on one leaf 
sheath. No hairs are presen t« on the overlapping edges of the leaf 
sheaths. The auricles are 1.5 to 2 mm long and are beset with a few 
hairs 4 mm or less in length. The ligules project 3 mm from the 
point of attachment to the leaf. No hairs are present on the upper 
surface of the leaf blade immediately above the ligule (pi. 4, G). 

The spikes are extremely fragile, 10 to 14 mm wide across the iwo- 
ranked fac*e, 7 to 9 cm long, and composed of from twenty to thirty- 
two 2- to 3-flowered spikelets (fig. 1, C), The t\\o lower florets of a 
spikelet usually produce kernels that average 4.7 mm in length (pi. 
2, If), At maturity tlu? rachis breaks with a clean fracture at its 
joints into small segments, at tlie aiiex of each of which is attached a 
sjnkelet (pi. 5, G), 

The spikelets are 5 to fl mm wide and 12 to 15 mm long exclusive 
of the awns (])1. 5, O), On the exterior side of the spikelet at. tlie 
base are a few shoi't bristles 0.5 mm or less in leiigth (])1. 0, ('), At 
the base of the spikelet on the side fatting the rachis are also a few 
short bristles 0.3 mm or less in length (pi. 7, These bristles some- 
times are grou|3ed together, forming a small tuft. 

The ra(*his interiiodes are obovate, 2 to .3 mm long, and ea(‘h is 
glabrous exc*ept for a prominent tuft of bristles 1 to 3 mm long, 
which is located on the lower half of the two lateral edges (pi. 8, G), 
The glumes are glaucous, partly x>apillate, 1 to 2 mm wide, and 
5 to 6 mm long exclusive of the awn and nei’ves which 

converge toward the apex of the glume, where they fuse and form 
a purple s(‘a\)rid awn 1 to 3 cm long (\)1. 5 C), The two central 
nerves form distinct keels that are .separated by a longitudinal chan- 
nel about 1 mm wide at the center (fig. 1, G ; pi. 5, G). Each glume 
has two keels, which are beset with tufts of bristles 1 to B mm long 
(pi. 5, r). The bristles extend upward farther on the front keel and 
iwo more abundant than on the rear keel. Sometimes tlie keels of the 
glumes may be completely deA^oid of bristles and ])oss(*ss only aspei - 
ites or papillae, or both of these may be present together. The glume 
shoulders are wide, elevated, rounded, and nondentate (pi. 5, (^), 
The lemmas are 2 mm wide, 11 to IB mm long, and papillate on 
their convex surfaces. Each has five nerves, the middle one of 
which forms a keel that terminates in a jnirple s<*Hbrid awn B to 4.5 
(*m long (pi. 5, G; pi. 2, 7>). At the apex of the lemma to the right 
and left of the awn is a slmrt tooth 1 to 2 mm long (pi. 5, (^), Some 
of the nerves of the lemma are scabrid. At the apex of the lemma 
on the keel are several tufts of bristles (pi. 5, G), 

The paleas are entire, not split. The lodicules are 0.9 mm wide 
and 2 mm long and are beset with hairs 0.05 mm long. 

TRITICUM AEGILOPOIDES 

The })lants of IntlruiH neffilopmihs have an ujiiight habit of 
growth and attain an average height at maturity of 93 cm. The 
culms are nonglaucous, without purple pigment, pajiillate, and solid 
at a point 2.5 cm below the head (pi. 3, A), The nodes arc abun- 
dantly pubescent with hairs 1 mm or less in length. 




Intergeneric Hybridli of Triticum and Secaie 


PLATE 1 



Trichomes; Papillae on glumes and lemmas of TrUieum and Secaie; B, papillae on glumes and lemmas 
or HaynaUlia vUloea; C, asperites on glumes and lemmas of TrUicum, Secaie, and Haynaldia; D, spur 
asmrites on lemma keels of Secaie; E, superasnerltes on glume and lemma keels of Fi nybrids of T. tur- 
gmum var. Alaska X H, viUosa; F, superasperites on lemma keels of Fi hybrids of S. fragile X viltoea; 
u, bristles on glumes and lemma keels of if. villoaa and on spikelets at the base and edges of racbis inter- 
nodM of TrUicum, Secaie, and Havnatdia spp.; H, hairs on auricles of if. vUloea, S. fragile, and all of the 
species of Trtticum used except T, poltmicum; I, hairs on lodicules, leaves* and leaf sheaths of certain 
1 ^^icum, Secaie, and Haynaldia; J, hairs on leaf blades and nodes of certain species of TrUicum; 
K, hairs on glumes* lemmas, and paleas of certain varieties of TrUicum and Secaie. x 10. 



Intergeneric Hybrids of Tritkum and Secale 


PLATE 2 



Peduncles: A, Unynaldia vtUosa, B, Fi of Secale fra^le X //. rillma, C, S. fragile Papillae on leinum 
Z>, HaynaLdia vtUosa X about 16 Kernels K Tnticum turgidum var Alaska, F, Fj of T turgidnm 
X //. tillosa; G, Fit of T. turgidum X U rillma: II, II. rillom X about 4 





Intergencric Hybrids of Triticum and Secale 


Plate 3 



Cross sections of culms at a point 2 5 cm lieluw spike. -1, Triticum aegilopoides: B, Fi of T. aegilopotdes 
X Uaynaldia vilUtm; C, 11. viUom, I), T durum var Kubanka: E, F\ of T. durum X H. viUosa; F, II. 
viUom: (r, Secale fragile, II, Fi of iS. fragile X II. villoea, I, II. rillosa. X about 15. 



Intergcneric Hybri<ls of Triticum and Secale Pl-ATE 4 



Portions of leaf blades and sheaths with and without tufts of hairs behind ligules: A, Secaie fragile; Fi of S. fragile X Ilagnaldia tilUaa; C, H. cittoaa. X about IS. 
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The leaf blades are 5 nuii wide and covered on the upper and 
lower surfaces with soft hairs 0.5 to 1 imn lon^. The margins of 
the leaves are scabrid and beset with hairs 1 to 1.5 mm long. The 
leaf sheaths are pubescent, nonglaiicous, without purple pigment, 
and the overlapping edges are beset with many hairs 1 to 1.5 mm 
long. The hairs on the overlapping edge of the upper leaf sheaths 
are few or entirely absent. The auricles are 1 mm long with hairs 
f3 to 5 mm in length. The ligules project 1 mm from the point of 
attachment to the leaf. 

The spikes are extremely fragile, laterally (*ompressed, 5 mm wide 
across the two-ranked face, and 7 to 9 cm long exclusive of awns, and 
consist of from twenty to forty 2-flowered spikelets (fig. 1, .1). 
Each spikelet produces a very small laterally compressed kernel. 
At maturity the racliis breaks with a clean fracture at its joints into 
small segments, at the apex of each of which is attached a spikelet 
(pi. 5, A). 

The spikelets are 2.5 to 2.8 mm wide and 9 mm long, exclusive 
of awns (pi. 5, yl). On the exterior side of the spikelet at its base 
is a prominent tuft of bristles which are 0.5 to 3.0 mm long (pi. 5, 
.1). At the base of the sjnkelet on the side facing the rachis is a 
small tuft of hairs which are 0.5 nmi or less in length. 

The rachis interiUKles are oblong, 2.7 mm long, and glabrous ex(*ept 
on the two lateral edges, which are fringed with numerous bristles 
0.5 to 3.0 mm long (pi. 5, A). 

The glumes are nonglaiicous, 1 mm wide, 5 to 7 mm long exidusive 
of beaks, jiapillale on their convex surfa<*es, and jxissess 4 or 5 nerves. 
2 of Avhich are prominent and beset with asperites 0.15 mm in length. 
The rear one of the 2 prominent nerves forms a keel that terminates 
in a short beak 1.5 mm long (pi. 5, J). At the apex of the front 
nerve is a short, pointed tooth 0.5 mm long (pi. 5, A). The glume 
shoulders are narrow and oblique, with a sharp-pointed tooth (j)l. 

The lemmas are 1.5 to 1.8 mm wide, 7 to 9 mm long exidusive of 
the awns, 8- to 10-nerved, partly keeled, and abundantly papillate on 
their convex surfaces. At the apex of each are two prominent 
scabrid points or teeth 1 mm long, between whicdi is a long, yellow, 
scabrid awn 2.0 to 9.0 cm long (pi. 5, A). 

The paleas of the fertile florets are split longitudinally through the 
middle from the apex to the base. 

The lodicules are 0.33 mm wide and 0.8 mm long and are beset with 
hairs 0.33 mm long. 

TRITICUM TIMOPHEEVI 

3'he plants of TritUniiiv thivoplmevi have an upright habit of growth 
and attain an average height at maturity of 142.2 cm. The culms are 
glaucous, devoid of purple pigment, and papillate for a distance of 
several centimeters below the head. The culms are hollow at a point 
2.5 cm below the head. The nodes are puberulent, the hairs being 
1 mm or less in length. The puberulence may extend 3 mm below the 
node. 

The leaf blades arc 8 mm wide, slightly scabrid, and covered on the 
upper and lower surfaces with hairs 2.5 mm or less in length. The 
edges of the blades are scabrid and possess hairs 2 mm or less in 
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Plate 5 



Sjiikelcts: Tiiticum aegilopoides; B, T. aegilopoides X Maynaldia villosa: C, II. vtllosa; D, T. dtcoccum 

vnr Khiipli; E, Fj of T. dicoccum X II. titlosa: F, II. rttlosa. X about 4. 



Intergenerk Hybrids Triticum and Secale 



Basal bristles on exterior side of spikelel. 1, I'rtttcum dicoccoides var spontaneonigrum, B, Fi of T. dicoccoides X Ilaynaldia nllosa, C, // rUlosa. X about 15. 


Intergeneric Hybrids of Triticum and Secale 



bristles on side of spikelet facing rachis. A, Triticum dicoccotdes var. spontaneonigrum. H, F, of T dicoccoides X Tlaynaldia villom. C, If vtliosa. X about 15 . 


•ntcrgenerK Hybrid, of Tr.ticum and Sac.la 



F, of T dicoccoults X Ha, mid, n nllmn. C, n nthta 
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length, Tlie leaf sheaths are without anthocyanin iiignieiit, glaucous, 
aiicl usually scabrkl. Tlie upper leaf slieaths usually are devoid of 
hairs, while the lower ones may possess them in abundance 2 mm or 
less in length. The overlapping edge of each leaf sheath is scabrid 
and beset with hairs. The auricles are 1 mm long and beset with 
several hairs 5 mm or less in length. The ligules project 1 mm from 
the point of attachment to the leaf. 

The spikes are 11 to IH mm wide across the two-ranked face, 6 to 
8 <*ni long exclusive of the awns, and composed of from eighteen to 
twenty-one 2- or a-jflowered spikelets (fig. 2, yl). At maturity, the 
head may break at the base as a unit just above the uppermost sterile 
spikelet (pi. i), />). However, with dight pressure the rachis breaks 
with a slightly ragged fracture into small segments, at the apex of 
(*ach of which is attached a spikelet. 

The spikelets are 7 to 8 mm wide and 16 to 18 mm long exclusive 
of the awns or beaks (pi. 9, />). hhich spikelet usually contains two 
slender kp'iiels. On the exterior side of the spikelet at the base 
is a ])romineut tuft of bristles, which are 2 mm or less in length and 
extend to the fringed edges of the rachis internodes to which the 
spikelet is attached (pi. 9, />). At the base of the spikelet on the 
side fa(‘ing the rachis is a smaller tuft of bristles which are 1 mm or 
l(*ss in length. 

Idle i*aciiis internod(‘s are 2 mm long, })artly puberuleiit, and 
papillate on the convex and concave surfaces, and the edges are 
fringed with numerous bristles 1 mm or less in length (pi. 9, D), 

The glumes are 2 to mm wide, 9 mm long exclusive of the awns, 
densely {)ubesceiit, and glaiicous, and each j)ossesses 5 to 7 nerves, 
the most prominent one of which forms the keel, which is beset on 
its ui)per edges with asperites 0.5 mm or less in length (pi. 9, />). 
Some of the hairs on certain i)ortions of the glume, especially on 
the keel and other ])roininent nerves, are thicker and longer than 
the others. These thick hairs resemble superasperites and attain a 
maximum length of 1 mm. The keel is very sharp and is terminated 
by a beak 5 mm or less in length. Ihe glume shoulders are narrow, 
Kith a i)ointed tooth (pi. 9, />). 

Hie lemmas are to Iho mm wide, 13 to 14 mm long exclusive of 
the awns, pubescent on exposed portions, and pa})illate on portions 
covered by the glumes. They possess 8 to 9 inconspicuous nerves, 
the central one of which is ])arfly keehMl and terminates in a brown 
to black scabrid awn 11 cm or less in length. The liairs on the 
lemma at the apex may vary in length and thickness. These long 
hairs resemble superasperites and attain a maximum length of 1 mm. 

The paleas are entire, not split. The lodi(*ules are 0.6 mm wide 
and 1.8 mm long and are beset with hairs 0.65 mm long. 

TRITICUM DICOCCOIDES 

The plants of Triticum dlcoccoldes var. 
upright habit of growth and attain an average height at maturity 
of 76.2 cm. The culms are not glaucous, solid at a point 2.5 cm. 
below the head, and without purple pigment. The nodes are abund- 
antly covered with deflexed hairs 0.2 to 0.4 mm long. 

The leaf blades are 6 to 8 mm wide and puberuTent on the upper 
and lower surfaces. The edges of the leaf blades are slightly 
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scabrid and devoid of hairs. Tlie leaf sheaths are iionglaucous, 
without purple pigment, and glabrous except on the edges, which 
are fringed with hairs. The auricles are 1 mm long and are beset 
with hairs 2 to 3 mm long. The ligules project about 3 mm from 
the point of attachment to the leaf. 

The spikes are extremely fragile, laterally compressed, 8 to 0 mm 
wide across the two-i anked face, and 7 to 9 cm long exclusive of the 
awns, and consist of from sixteen to eighteen 2- or 3-flowered spike- 
lets, each of which normally contains two kernels (lig. 3, A). At 
maturity the rachis disarticulates at its joints with a clean fracture 
into small segments at the apex of each of which is attached a 
spikelet (pi. 10, A), 

The spikelets are 4 to 5 mm wide and 15 to 17 mm long exclusive 
of the awns. On the exterior side of the spikelet at the base is a 
cons[)icuous tuft of bristles 3 to 5 mm long (pi. G, A). At the base 
of the sj^ikelet on the side facing the rachis is a small tuft of bristles 
2 mm or less in length (j)h 7, A). 

The rachis intcnnodes are iionglaucous, oblong, 4 mm long, and 
glabrous exc(‘[)t on th(» two lateral edges, wliich ar(‘ fringed along 
their entire length Avith numerous bristles 0.5 to 5 mm long (pi. 8, ). 

Tho glumes are iionglaucous, 2 iiini wide. 12 to 13 mm long exclusive 
of tlie beak, and Avhite Avith bhu^k streaks which sometimes apjiear 
as a solid mass of black j)igment (pi. 10, /I). They possess tAvo jirom- 
iiient nerves, the r(*ur one of which is beset with large asperites, is 
papillate, and forms a keel that terminates in a short beak 2 mm long, 
while at the apex of the forAvard neiwe is a v^ry short tooth less than 
t).25 mm long (pi. 10, .1), One or tAvo less consjiicuous nerves may 
l)(* present also on the glumes. The glume shoulders are narroAV and 
oblique, Avith a A^ery short, pointed tootli (pi. 10, A). 

The lemmas are 2 mm Avide, 14 to 15 min long exclusive, of the awn. 
partly papillate, and slightly scabrid on their exposed surfaces. Each 
terminates in three points, the center one of Avdiich is extended into a 
"cabrid, black awn, 10 to 17.5 cm long (pi. 10, A), 

The paleas are entire, not split. Tlie lodicules are 0.9 mm wide 
and l.G mm long and are beset Avith hairs O.G min long. 

TRITICUM DICOCCUM 

The plants of TrHkmn var. Khapli have an upright habit 

of groAvth and attain an average height at maturity of G8.6 cm. The 
culms are glabrous, iionglaucous, without purple ])igment, and solid 
at a point 2.5 cm beloAV t]u‘ head. The nodes are puberulent. 

The leaf blades are 10 to 12 mm wide and puberulent on both the 
upper and Ioaaw surfaces. The margins of the leaf blades are scabrid 
and devoid of hairs. The leaf sheaths are slightly glaucous, without 
purple pigment, and glabrous oii the exterior surfaces, while the lat- 
eral edges of the sheaths are devoid of hairs. The auricles are 1.5 to 
2.0 mm long with a few hairs 0.7 mm or less in length. The ligules 
project 2.0 mm from the point of attachment to the leaves. 

Tfhe spikes are fragile, laterally compressed, 8 to 10 mm Avide a(‘ross 
the two-ranked face, 7 to 9 cm long, and consist of from sixteen to 
twenty-four 2- or 3-flowered spikelets, each of which normally pro- 
duces'two kernels (fig. 4, A). At maturity the rachis usually breaks 
Avith an imperfect or ragged fracture at its joints into small segments, 
at the apex of each of which is attached a spikelet (pi. 5, D). 
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Spikelets. Ap Triticum polonicum (C. I. 7498); B, Fi of T. polonicum X Haynaldia tillosa; C, IL viUoaa; 
I), T. timophem; K, T timopheevi X H. riUoaa, F, H. villosa. X about 3. 
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Plate io 



Spikelets' A, lYificum dicoccoides var. sponianeonigrum; B, Fi of T. dicoccoides X Jlaynaldia vUloaa; C, IL 
vUloaa: I), Secale fragile; F, Fj of S. fragile X II. rtlloaa; h\ II. villoaa X about 4. 
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PLATE IT 



8pikelets. .1, Triticum turgidum var. Alaska; B, Fi of T turgtdum X Ilaynaldia cttlona; C, //. vtUom: D, 
T. durum var. Kubanka, K, Fj of T, durum X H. villona; F, 11. villosa. X about 3. 
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The spikelets are 0 to 7 mm wide and 10 to H mm long exclusive 
of the awns (pi. 5, />). On the exterior side of tlie spikeJet at the 
base is a prominent tuft of bristles which are 1 to 1.25 mm long 
(pi. 5, At the base of the spikelet on the side facing the rachis 
is also a small tuft of bristles which are 0.25 to 0.8 mm long. 

The rachis internodes are weakly glaucous, 3 mm long, and 
glabrous except on the two lateral edges, which are fringed with 
numerous bristles 0.25 to 1 mm long (pi. 5, Z>). 

The glumes are weakly glaucous, 2.5 mm wide, 9 to 10 mm long 
exclusive of the beak, papillate on their convex surfaces, and possess 
(> to 7 nerves, two of which api)ear prominent. Of tlie 2 to 3 j)romi- 
neiit nerves on each glume, the one nearest to the rachis forms a 
sharp keel wliich terminates in a short beak 0.5 mm long (pi. 5, />). 
'J1ie upper half of the keels is beset with short asjKU-ites, the lowei- 
j)()rtion being jiapillate. Occasionally the upper portion of the other 
j)rominent nerves are slightly scabrid. The glume shoulders are 
narrow and oblique, with a short, blunt tooth. 

The lemmas are 3 mm wide and 10 to 11 mm long, 10 to 11 nerved, 
and papillate on their convex surfaces. At the apex of each lemma 
are two teeth or points less than 0.5 mm long l)etween which is a 
yellow scabrid awn 3 to 9 cm long (pi. 5, />). 

The paleas are (uitire, not split. The lodicules arc 0.9 mm wide 
and 1.7 mm long and are beset with hairs O.C mm long. 

TRITICUM DURUM 

The ])lan(s of 'J'titicuni durum var. Kubanka have an upright 
habit of growth and attain an average height at maturity of 132 
cm. The culms are glabrous, glaucous, without purple pigment, and 
liollow at a point 2.5 cm below the head (pi. 3, Z>). The nodes are 
glabrous. 

The leaf blades are 8 to 10 mm wide and glabrous on the upper 
and lower surfaces. The edges of the leaf blades are scabrid and 
devoid of hairs. The leaf sheaths are glaucous, without purj>le pig- 
ment, glabrous on the exterior surfaces, and devoid of hairs on the. 
lateral edges. The auricles are 1 to 2 mm long and devoid of hairs. 
The ligules project 2 to 2.5 mm from the point of attachment to 
tlie leaf. 

The spikes are nonfragile, 7 to 8 mm wide across the two-ranked 
iac^e, 7 to 8 cm long, and composed of from eighteen to twenty-four 
2- to 4-flowered sihkelets, each of Avhich usually contains two kernels 
mg.5,/1). 

The spikelets are 10 to 12 mm wide and 12 to 14 mm long exclu- 
sive of the awns. On the exterior side of the s[)ikelet at the base 
IS a tuft of bristles 2 mm or less in length. At the base of the spikelet 
on the side facing the rachis is a tuft of bristles 0.3 mm or less in 
length. 

The rachis is continuous. The rachis internodes are 3 to 5 mm 
long, partly glaucous, and glabrous ex(*ept on the two lateral edges, 
wliich are fringed with short, bristles 0.2 to 0.3 mm long near the 
base and 1 to 1.5 mm at the apex. 

The glumes are 1.5 to 2 mm wide and 7 to 8 mm long exclusive 
of beak, papillate, glaucous on their convex surfaces, and possess 7 
to 8 nerves, the most prominent of which forms a scabrid keel which 
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terminates in a lieak 1 to 2 mm lonj?. The glume shoulders are nar- 
row, slightly elevated, and nondentate (pi. 11, D), 
llie lemmas are 2 to 2.5 mm wide, 8 to 9 mm long exclusive of 
awns, pajiillate, glaucous on their iipi3er exposed surfaces, and pos- 
sess 1 to nerves, the most prominent of which terminates in a 
yellow scabrid awn 10 to 10 cm long. 

The lodicules are (K9 mm wide and 1.3 mm long and are beset 
Avith hairs 0.5 mm long. 


TRTTTCTTM POIXINICITM 

The plants of TritUMm 'poloniewin (C. I. no. 7498) have an up- 
right habit of growth and attain an average height at maturity of 
124.5 cm. The culms are glabrous and hollow, Avith a small cavity at 
a point 2.5 cm below the head, glaucous, and AAithout i)urple pig- 
ment. The node>s are ])ulierulent and glaucous. 

The leaf blades are IS to 22 mm wide and jiractically devoid of 
hairs on the upjier and lower surfaces. The margins of the leaf 
blades arc scabrid and beset with short hairs less than 1 mm in 
length for a distance of 5 mm alK)A"e the auricle. The leaf sheaths 
are glaucous, without purtde ])igment, glabrous on the exterior sur- 
faces, and usually dcAwl of haiivs. The auricles are 1 mm long 
Avith a fcAV hairs 0.4 mm or less in length. The ligules project 1.5 
to 2.0 mm from the point of attachment to the leaf. 

The siDikcs arc nonfragile, 12 to 14 mm wide across the tAvo- 
ranked face, 11 to 13 cm long ex<‘lusive of the awns, and consist of 
from eighteen to twenty-two 3- or 4-flowered spikelets, each of Avhich 
usually contains three tong kernels (fig. A). 

The spikelets are 10 to 12 mm wide and 20 to 25 mm long exclusive 
of aAvns (pi. 9, .4). On the exterior side of the spikelet at the 
base is a tuft of bri.stlcK 0.5 to 2.5 mm long (pi. 9, A). At the base 
of the spikelet on the side facing the rachis is a tuft of bristles 0.3 
mm or less in length. 

The rachis is continuous. The rachis internodes are 7 to 9 mm 
long, glaucous, and glabrous except on the two lateral edges, which 
are partly fringed with bristles 0.5 to 2.0 mm long (pi. 9, ..4 ) . 

The glumes are glaucous, 3 mm Avide and 22 mm long, and ]ioss(‘.ss 
8 to 10 nerves, the most ])rominent of AAdiich forms a keel that lermi- 
nates in a tooth or beak 1.5 to 5 mm long (pi. 9, .4). A AV(*aker sec- 
ondary keel may also be develope^d. The keels and some of the 
nerves shoAving prominence at the ai)ex of the glume are beset Avith 
long, slender asperites 0.5 mm or less in length. The convex sur- 
face of each glume on the membranous portion of the tAvo wings 
and on the edge is pubescent (pi. 9, X). Other parts of the glume 
may be papillate or puljerulent. The glume shoulders are narrow, 
elevated, and nondentate (pi. 9, A), 

The lemmas are 4 mm wide, 20 to 28 mm long, glaucous, papillate, 
and pubescent on the exposed surfaces (pi. 9, J[). Each lemma pos- 
sesses 9 to 12 nerves, the most prominent of which terminates in a 
partially black, scabrid awn 9 to 12 cm long (fig. 6, yl). 

The paleas are entire, not split. The lodicules are 1 mm wide 
and l.C mm long and are beset with hairs 1.35 mm long. 




Nov. 1, 1935 


Intergeneric Hybrids of Trilicum and Secale 


773 



774 


Journal of Agricultural Research 


Vol. 61, no. 9 


TRITICUM TURGIDUM 

The plants of Tritivum. iunjtdain var. Alaska have an npi'ight 
habit of growth and attain an average height at maturity of 127.0 



Fiouue 7. — SpikoH : A, Trifivum turgidum var. Alnnka: R, Fi of T. tvrgkhnn X Jftipnaldia 
villosa ; C, U, villoaa. Natural size. 


cm. The culms are glabrous, glaucous, without purple pigment, and 
solid at a point 2.5 cm below the head. The nodes are glabrous. 

The leaf blades are 15 to 18 mm wide and abundantly puberulent 
on the upjier surface, while the lower surface is only sparsely puberu- 
lent. The edges of the blades are nonscabrid and free from hairs. 
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The leaf sheaths are glaucous, without purple pigment, and glabrous 
on the surface and overlapping lateral edges. The auricles are 2 to 

mm long and beset with a few short hairs less than 0.25 mm long. 
The ligules project 3 mm from the point of attachment to the leaf. 

The spikes may be branched or simple, nonfragile, 8 to 12 cm long 
exclusive of the awns, and may vary in width from 12 to 35 mm 
across the two-ranked face (fig. 7, A). 

The spikelets are 7 to 8 mm wide, 9 to 10 mm long exclusive of 
the awns, and generally contain two short plump kernels with a high 
dorsal arch or hump (pi. 11, A; pi. 2, IC). On the exterior side of 
the spikelet at the base is a tuft of bristles which are 3.0 mm or 
less in length and sometimes extend to the edges of the rachis inter- 
node to which the spikelet is attached ([d. 11, A), At the base of 
the spikelet on the side facing the rachis is a tuft of short bristles 
0.5 mm or less in len^^h. 

The rachis is eontimunis. The rachis internodes are oblong, 2.5 
to 3.0 mm long, glaucous, and glabrous, and the edges are fringed 
with numerous bristles 3 mm or le.ss in length (pi. 11, >4). 

The glumes are 2.5 mm wide, 5 to 6 mm long exclusive of the 
beaks, pajfillate, glaucous on their convex surfaces, and possesvs four 
prominent nerves, the most conspicuous of which forms the keel and 
terminates in a short beak 0.5 mm or less in length. The keels 
throughout the entire length of the glumes are l>eset with asperites 
0.2 mm or less in length (pi. 12, A), The exterior surface of the 
membranous portion of the two wings of the glume is partly puberu- 
lent. The glume shoulders are narrow, oblique, and nondentate (pi. 
n,A). 

The lemmas are 3 mm wide, 8 mm long exclusive of the awns, 
glaucous, slightly s(‘abrid on their up])er exposed surfaces, and 
])()ssess 8 to 11 nerves. The most })rominent nerve on each lemma 
terminates in a scabrid, black awn 0 to 11 cm long (pi. 12, D). 

The paleas are entire, not split. The lodicules are 0.7 mm wide 
and 1.1 mm long and are beset with hairs 0.7 mm long. 

SECALE FRAGILE 

The plants of SccaJe fragile have an upright habit of growth 
and attain an average height at maturity of 7G cm. The culms 
are hollow, injrple-pigmented, glaucous, and covered with hairs 
1 mm or less in length for several centimeters immediately below 
the head (pi. 2 C ; jd. 3, G). The nodes are puberulent. 

The leaf blades are G to 7 mm wide and covered with hairs 1 
to 1.5 mm long on their upper surfaces. The lower surfaces of 
the leaf blades are puberulent. The edges of the leaf blades are 
scabrid and beset with hairs 0.3 mm long for a distance of 5 mm 
above the auricle on the blade. Just above the ligule on the leaf 
blade is a prominent collar of hairs that do not exceed 2 inm in 
length. The upper leaf sheaths are glabrous, glaucous, and slightly 
purple-pigmented on the exterior surfaces. The lower leaf sheaths 
are hairy. The lateral edges of the sheaths are devoid of hairs. 
The auricles are 0.5 mm in length and possess very short hairs 0.4 
mm or less in length. The ligules project 0.5 to 0.7 mm above the 
point of attachment to the leaf. 

The spikes are extremely fragile, 7 to 8 mm wide across the^ two- 
ranked face, 8 to 11 cm long exclusive of the awns, and consist of 

37376—35 2 
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twenty-six to thirty -six 2-flowere(l spikelets (fig. 8, A). Each 
spikelet usually produces two kernels. At maturity the rachis 
breaks with a clean fracture at its joints into small segments at 
the apex of each of which is attached a spikelet (.pi. 10, Z> ) . 

The spikelets are 5 mm wide and 14 to 16 mm long exclusive 
of the awns. On the exterior side of the spikelet at the base are 
a few extremely short bristles (pi. 10, D). At the base of the 
spikelet on the side facing the rac.his are a short tuft and a collar 
of bristles which are 0.2 mm or less in length. The rachis inter- 
nodes are 3 to 4 min long, glaucous, and glabrous, and the two 
lateral edges are fringed with bristles 4 mm or less in length 
(pl.l0,/>). 

The glumes are slightly glaucous, subulate-pointed, 0.5 mm wide, 
13 to 14 mm long ex(dusive of a scabrid awn 6 mm long, partly 
papillate, and scabrid on the exterior surfaces (pi. 10, B), Each 
glume has a keel which is densely besi4 with slender iusperitt's 

0. 5 mm or less in length, whicli becojue longer and re.semble 
hairs as they approach the base of the glume. The margins of 
the glunu's are fringed with numerous slender hairs 1 mm or less 
in length. The glumes are sparsely beset with asperites. Glume 
shoulders arc wanting (jd. 10, />). 

The lemmas are 2.5 mm wide, 15 to 17 mm long exclusive of 
the awn, pa[)illate, and 3- to 5-nerved; the most prominent nerve 
forms a keel beset throughout its entire length with somewhat uni- 
formly separated and linearly aiTanged spur asperites 1 mm or less 
in length (pis. 1, D; 10, />).* The keel is terminated by a partially 
pur})le-pigmerited, scabrid awn 12 cm long. The edges of the lemma 
are beset with hairs 0.5 to 0.7 mm long. The exposed portion of 
the lemmas on and near the adgev?; and at the apex is usually beset 
with asperites or spur asperites. 

The ])aleas are entire, not split. The lodicules are 1.1 mm wide 
and 2.9 mm long and are beset with hairs 1.25 mm long. 

THE F, HYBRIDS 

TRITJ(MTM AK0I1.OPO1DK.S X HAYNAIJ)! V MIJ.()SA 

The plants of the Tnf'nnini aigUojHyfdvH X Hayrnddia vUlosa 
hybrid have an upright habit of growth and attain an average height 
at maturity of 116.8 cm. The culms ai’e glaucous, nonpa})illate. 
hollow at a point 2.5 cm below the head, and purple-pigmented 
(pi. 3, B). The nodes are sparsely puberulent. 

The leaf blades are 6 to 7 mm wide and covered on the upper 
and lower surfaces with hairs 1 to 1.5 mm long. The edges of the 
leaf blades are scabrid and ]K>sses.s hairs 1.5 to 2 nmi long. The 
leaf sheaths are glaucous, j)ubescent, .slightly purple-pigrnented on 
the exterior surface, and glaucous on the lateral edges. The auricles 
are 1.5 mm long with hairs 3 mm or less in length. The ligules 
project 1.5 mm from the point of attachment to the leaf. 

The spikes are extremely fragile, 4 to 6 mm wide across the two- 
j’anked face, 9 to 11 cm long exclusive of the awns, and composed 
of from thirty to forty-six 2- or 3-flowered sterile spikelets (fig. 

1, B), At maturity the rachis breaks with a clean fracture at its 
joints into small segments, at the apex of each of which is attached 
a spikelet (pi. 5, B). 
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The spikelets are 7 mm wide and 11 infti long exclusive of the 
awns. On the exterior side of the spikelet at the base is a tuft of 
bristles which are 2 mm or less in length (pi. 5, B), At the base 
of the spikelet on the side facing the rachis is another tuft of 
bristles, which are 0.5 mm or less m length. 

The rachis internodes are 2.5 to 3.0 mm long and glabrous except 
on the two lateral edges, which are fringed with bristles 0.5 to 
3.0 mm long (pi. 5, B), 

The glumes are glaucous, intermediate in shape between those 
of the two parents, 1.7 to 2.0 mm wide, 7 to 8 mm long exclusive of 
the awns, papillate except on the membranous portion near the edges, 
and each possesses five nerves, the two most prominent of which 
form keels. The rear keel is the primary or more prominent one 
of the two and is beset with individually arranged superasperites 
which are 2.0 mm or less in length. The primary keel of the glume 
terminates in a scabrid awn 2.0 to 2.5 cm long (pi. 5, B). The 
secondary or forward keel is beset with as^^erites 0.3 mm or less 
in length and terminates in a tooth 0.2 mm or less in length (pi. 
5, B), Between the two keels is a very shallow, longitudinal depres- 
sion, through the center of which passes laterally a conspicuous 
nerve which unites with the primary keel at the apex of the glume. 
The glume shoulders are intermediate between the two parents in 
width and have a sharp-pointed tooth (pi. 5, i?). 

The lemmas are 2.0 to 2.1 mm wide, 10 to 11 mm long exclusive 
of the awns, papillate on the exterior surfaces, and each has seven 
nerves, the middle one of which is partly keeled and terminates 
in a weakly purple-pigmented, scabrid awn 3.0 to G.o cm long. 
At the ai^ex of the glume on the keel are several superas|)erites 1.3 mm 
or less in length (pi. 5, B), Some of the less conspicuous nerves 
located on the exposed portion of the lemma may also be scabi’id. 

The paleas are entire, not The lodicules are 0.5 mm wide 

and 1.5 mm long and are beset with hairs 0.42 mm long. 

TRITICUM TIMOPHEJEVI X HAYNALDIA VILLOSA 

The plants of the hybrid Trltiaum tlmopheevi X Haynaldm villofia 
have an upright habit of growth and attain an average height at 
maturity of 149.86 cm. The culms are glaucous, glabrous, purple- 
pigmented, and hollow at a point 2.5 cm below the head. The nodes 
are puberulent with very short hairs. 

The leaf blades are 8 to 11 mm wide and are covered on the upper 
and lower surfaces with hairs 2.5 mm or less in length. The edges 
of the blades are scabrid and jjossess hairs 3 mm or less in length. 
The leaf sheaths arc purple-pigmented and glaucous. The upper 
leaf sheaths of the ])lant arc usually devoid of hairs, while the lower 
ones may be sparsely covered with hairs. The overlapping lateral 
edge of each leaf sheath is beset with hairs 2 mm or less in length. 
The auricles are 1.2 mm long and are beset with several hairs 6 mm 
or less in length. The li gules project 1.3 mm or less from the point 
of attachment to the leaf. 

The spikes are extremely fragile at maturity, 10 to 12 mm wide 
across the two-ranked face, 9 to 11.5 cm long exclusive of the awns, 
and composed of from thirty to thirty-five 3- or 4-flowered sterile 
spikelets (fig. 2, B). At maturity the rachis breaks with a clean 
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fracture at its joints into small segments, at the apex of each of 
which is attached a spikelet. 

The spikelets are 4.0 to 5.5 nun wide and 16 to 19 mm long exclu- 
sive of awns. On the exterior side of the spikelets at the base is a 
tuft of bristles which are 1 mm or less in length (pi. 9, E). At 
the base of the spikelet on the side facing the rachis is a smaller 
tuft of bristles, which are 0.5 mm or less in length. 

The rachis internodes are 3.0 to 3.5 mm long, sparsely piiberulent, 
and papillate (pi. 9, E). The two lateral edges are fringed with 
bristles 1.5 mm or less in length (pi. 9, ^). 

The glumes are 2.0 to 2.5 mm wide, 8 mm long exclusive of beaks, 
glaucous, papillate on the exterior surfaces, and possess 5 to 6 nerves, 
the two most prominent of which are beset with superasperites 1.7 
mm or less in length. The exterior surfaces of the glumes are 
usually devoid of hairs except on the margins of the glumes, which 
are partly pubescent (pi. 9, E). The awns on the glumes are 
purjdish black, scabrid, and 5 cm or less in length. The glume 
slioulders are intermediate in width between those of tlie parents, 
elevated, and nondentate (])1. 9, E). 

The lemmas are 2.5 to 3.0 mm wide, 12 to 14 mm long exclusive 
of the awns, papillate on the exterior surface, and partly ]>ubescent 
on the uj)])er exposed portions. The awns are purplish brown to 
jmrplish black. Superasperites usually are not present on the keels 
of the lemmas, but when present they are usually confined to the 
keel at the apex of the lemma. 

The paleas are entire, not split. The lodicules are 0.8 mm wide 
and 1.9 mm long and are beset with hairs 0.3 mm long. 

TRITICUM DICOCUOIDES X HAYNALDIA VILLOSA 

The plants of the hybrid Triticum dicoccoides X IlaynaJdia villosa 
have an upright habit of growth and attain an average height at 
maturity of 154.9 cm. The culms are glaucous, purple-pigmented, 
and hollow at a point 2.5 cm beloAv the head. The nodes are puber- 
ulent. 

The leaf blades are 7 to 8 mm wide and covered on the upper and 
lower surfaces with hairs 1 to 1.5 mm long. The edges of the blades 
are scabrid and possess hairs 2 to 3 mni long on the lower part. The 
leaf sheaths are purple-pfgmented, glaucous, and glabrous on the 
outer surfaces, and are beset with hairs on one of tne lateral edges. 
The auricles are 1.5 to 2 mm long with several hairs 5 mm or less 
in length. The ligules project 3 to 4 mm from the point of attach- 
ment to the leaf. 

The spikes are extremely fragile, 8 to 10 mm wide across the two- 
ranked face, 10 to 12 cm long exclusive of the awns, and are com- 
posed of from thirty to sixty 3- to 5-flowcred sterile spikelets (fig. 
3, jB). At maturity the rachis breaks with a clean fracture at its 
joints into small segments, at the apex of each of which is attached 
a spikelet (pi. 10, J? ; pi. 7, -B ; pi. 8, 5). 

The spikelets are 6 to 8 mm wide and 15 to 18 mm long exclusive 
of the awns (pi. 10, jB). On the exterior side and center of the 
spikelet at the base is a prominent tuft of bristles which are 8 mm 
or less in length and which extend to the fringed ecte^s of the rachis 
iuternode to which the spikelet is attached (pi. 6, i?). At the base 
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of the spikelet on the side faoing the rachis is a siusller tuft of 
bristles which are 1 mm or less in len^h (pi. 7, £). 

The rachis internodes are 3 mm long, intermediate in shape be- 
tween those of the two parents, glabrous on the convex and concave 
surfaces, and the edges are fringed with numerous bristles 5 mm 
or less in length (pi. 8, B). 

The glumes are 2 mm wide, 10 to 12 mm long exclusive of the awns, 
glabrous, glaucous, white streaked with black pigment, papillate 
usually only on the prominent nerves, and each assesses nve nerves, 
the two more prominent of which form keels. The rear one of the 
most prominent nerves is the stronger and forms the primary keel, 
which terminates in a black scabrid awn 35 to .38 ram long. The 
prominent nerve in the front forms a secondary keel and is stiabrid. 
The primary keel is beset throughout its entire length with untnfted 
superasperites 2.8 mm or less in length. These suiwrasperites were 
present on the specimen illustrated in plate 10, B, but because of 
the laterally compressed spikelets they are completely obscured. 
Between the two prominent nerves is a longitudinal channel through 
which passes a conspicuous scabrid nerve which unites with a pri- 
mary keel at the apex of the glume. The glume shoulders are inter- 
mediate in width between those of the parents, slightly elevated, and 
nondentate (pi. 10, B). 

The lemmas are 2 mm wide, 12 to 14 mm long, papillate, slightly 
scabrous at their upper exposed surfaces, and possess nine incon- 
spicuous nerves, the central one of which is partly keeled and termi- 
nates in a black scabrid awn 7 to 9 cm long. At the apex of the 
lemma are several superasperites 1 to 2 mm long (pi. 10, A). 

The paleas are entire, not split. The lodicules are 0.9 mm wide 
and 1.8 mm long and are beset with hairs 0.65 mm long. 

TRinCUM DICOCCDM X HAYNAL0IA VIIiOSA 

The plants of the hybrid TritUmm, diaoccunv X Haynaldia villonn 
have ^ upright habit of growth and attain an average height at 
maturity of 196.8 cm. The culms are hollow immediately below the 
head, glaucous, and slightly purple-pigmented. The nodes are very 
glaucous and puberulent. 

The leaf blades are 8 to 10 mm wide and possess hairs on the 
upper and lower surfaces 1 to 1.5 mm long. The edges of the leaf 
bl^es are scabrid, and the lower edges of the blades are beset with 
hairs 0.5 to 1 mm long. The leaf sheaths are weakly glaucous, gla- 
brous, and purple-streaked. The lateral edges of the sheaths are 
glabrous. The auricles are 2 mm long with a few hairs 3 mm or less 
m length. The ligules project 2 mm from the point of attachment to 
the leaves. 

The spikes are very fragile, somewhat laterally compressed, 8 to 
10 mm wide, 8 to 10 cm long exclusive of the awns and consist of 
from twenty to twenty-five 2- or 3-flowered sterile spikelets (fig. 

B). At maturity the rachis breaks with a clean fracture at its 
joints into small segments at the apex of each of which is attached a 
spikelet (pi. 5, £*). 

The i^ikelets are 4.5 to 5.5 mm wide and 12 to 13 mm lon^ exclu- 
.sive of the awns (pi. 5, E). On the exterior side of the si)melet at 
the base is a distinct tuft of bristles which are 1 mm or less in length 
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(pi, 5, E). At the batse of the spikelet on the side facing the rachis 
is also a tuft of hairs which are less than 0.5 mm long. 

The rachis internodes are 4 to 5 mm long, nonglaucous, and 
glabrous except on the two lateral edges, which are fringed with 
numerous bristles 1 to 2 mm long (pi. 5, E). 

The glumes are slightly glaucous, 4 mm wide, 11 to 12 mm loiig 
exclusive of the awns, papillate usually in greater abundance on the 
nerves, and possess 5 to 6 nerves, 2 or 3 of which may ^ scabrid. 
The two most prominent nerves form keels. The primary keel faces 
the rachis, poss^es asperites on the lower edge and superasperites 
1.5 mm or less in length on the upper edge, and terminates in an 
awn or beak 0.5 to 8.3 cm long (pi. 5, E). Between the prominent 
nerves is a longitudinal, shallow cnannel through which passes later- 
ally 1 to 3 prominent nerves. The glume shoulders are intermediate 
in width between those of the parents and have a sharp-pointed tooth 
(pl.5,£’). 

The lemmas are 3 mm wide, 12 to 13 mm long exclusive of the 
awns, papillate, slightly scabrid at the apex, and possess 7 to 8 nerves, 
the middle one of which forms an imperfect keel that terminates in 
a slightly purple-pigmented scabrid awn 8 to 8.7 cm long. The ex- 
posed portion of the keel at the apex of the lemma is usually beset 
with superasperites 0.8 to 1.0 mm long (pi. 5, E). 

The paleas are entire, not split. The lodicules arc 1 mm wide and 
2 mm long and are beset with hairs 0.4 mm long. 

TMTICUM DUKUM X HAYNALDIA VUXOSA 

The plants of the hybrid Triticum durum X Haynaldia yillosa 
have an upright habit of growth and attain an average height at 
maturity of 152.4 cm. The culms are glaucous, purple-pigmented, 
and hollow at a point 2.5 cm below the head (pi. 3, A). The nodes 
are glaucous and glabrous. 

The leaf blades are 10 to 11 mm wide and covered on the upper 
and lower surfaces with hairs 1 to 1.25 mm long. Hairs 1 to 1.25 mm 
long are present also on the edges of the leaves for a distance of 
6 to 7 cm upward from the base. The edges of the leaf blades are 
scabrid. The leaf sheaths arc glaucous, glabrous, and purple-pig- 
mented and are devoid of hairs on the lateral edge. The auncles 
are 2.5 to 3 mm long and pbssess hairs 4 mm or less in length. The 
ligules project 3 mm from the point of attachment to the leaf. 

The ^ikes are extremely fragile, 10 to 12 mm wide across the 
two-ranked face, 8 to 12 cm long, and composed of from twenty 
to thirty 3- or 4-flowered sterile spikelets (fig. 5, B). At maturity 
the rachis breaks with a clean fracture at its joints into small seg- 
ments, at the apex of each of which is attached a spikelet (pi. 11, 

The spikelets are 7 to 9 mm wide and 12 to 14 mm long exclusive 
of toe awns (pi. 11, E). On toe exterior side of toe spikelet at 
the base is a coilax of bristles, the longest of which do not exc^d 
1.5 mm (pi. 11, E). At the base of the spikelet on the side facing 
the rachis is a tuft of slender bristles 0.4 mm or less in lengto. 

The rachis intemodes are 4 mm long, glaucous, and glabrous, and 
the edges are fringed with numerous onstles, the longest of which 
does not exceed 2 mm (pi. 11, E). 
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The glumes are papillate, glaucous, 2 mm wide, 9 to 10 mm long 
exclusive of the awns, and possess four prominent nerves, the most 
conspicuous of which forms the keel and terminates in a beak or 
short awn 10 to 26 mm long. The keel has short asperi^ except 
near the apex, where they take the shape of long bristlelike struc- 
tures about 1 mm long. The glume shoulders are intermediate in 
width between those of the parents, elevated, and nondentate 
(pl.ll,£-). 

The lemma is papillate, glaucous, slightly asperous at its upper 
exposed surface, 2.5 mm wide and 11 to 12 mm long, and possesses 
9 to 10 nerves, the most prominent of which terminates in a slightly 
purple-pigmented scabrous awn 3 to 7 cm long. At the apex of the 
lemma on the keel are usually several conspicuous trichomes 1 mm 
or less in length (pi. 11, iff). 

The paleas are entire, not split. The lodicules are 1 mm wide and 
1.8 mm long and are beset with hairs 0.3 mm long. 

TRITICUM POLONICUM X HAYNALDIA VILLOSA 

The plants of the hybrid Tritieum polomevm X Ilaynaldia villoga 
have an upright habit of growth and attain an average height at 
maturity of 133.3 cm. The culms are glaucous, hollow, and purple- 
pigmented. The nodes are usually glabrous, though rarely they are 
sparsely puberulent and slightly glaucous. 

The leaf blades are 10 to 12 mm wide and are beset on the upper 
and lower surfaces with a few hairs 0.5 to 1 mm long. The margins 
of the leaf blades are scabrid and beset with hairs 2 mm or less 
in length for a distance of several centimeters from the base of the 
leaf. The leaf sheaths are usually glaucous, streaked with purple 
pigment, and glabrous on the surfaces and edges. Sometimes on the 
lower leaf sheaths one lateral edge may be abundantly covered with 
hairs 1.6 to 2 mm long. The auricles are 2 to 3 mm long, with many 
hairs 5 mm or less in length. The ligules project 2.5 to 3 mm from 
the point of attachment to the leaf. 

The spikes are fragile, 10 to 12 mm wide across the two-ranked 
face, 12 to 14 cm long exclusive of the awns, and consist of from 
twenty-five to thirty 2- to 5-flowered sterile spikelets (fig. 6, B). 

The spikelets are 9 to 13 mm wide and 18 to 20 mm long exclusive 
of awns (pi. 9, 5). On the exterior side of the spikelet at the base 
is a prominent tuft of bristles which are 0.5 to 2 mm long (pi. 9, 
B). At the base of the spikelet on the side facing the rachis is a 
tuft of bristles, which are 0.5 'mm or less in length and extend 
to the right and left, joining the lateral fringes of bristles on the 
edges of the rachis internode to which the spikelet is attached. 

The rachis internodes are 5 to 6 mm long, glaucous, and glabrous 
except on their lateral edges, which may be entirely fringed with 
bristles 0.5 to 2.5 mm long, the shorter bristles being at or near the 
base and increasing progressively as they approach the apex. Some- 
times the lower edge of the rachis internet for a distance of 1 or 
2 mm may be entirely devoid of bristles (pi. 9, B). 

The glumes are partly glaucous, papillate, 8 mm wide, 17 to 19 mm 
long exclusive of the awns, and possess 9 to 10 nerves, the most promi- 
heht of which forms a sha:^ scabrid keel that terminates in a scabrid 
awn 2 to 3 cm long (pi. 9, B ) . The keel throughout its entire len^h 
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is beset with asperites. Besides the keel 1 or 2 other prominent 
nerves may be scabrid. The apex and membranous portion of the 
glume are abundantly puberuleiit or pubescent (pi. 9, B). No super- 
asperites appear on the keel. The glume shoulders are intermediate 
in width between those of the parents, elevated, and nondentate (pi. 
9,J5). 

The lemmas are 8 to 3.5 mm wide, 17 to 19 mm long exclusive of 
awns, papillate, puberulent, and pubescent on the edges and upper 
exposed portions (pi. 9, B). The lemmas also have 8 to 9 nerves, 
the middle one of which forms a partial keel that is beset with a 
few short superasperites and terminates in a purplish-black scabrid 
awn 2 to 6.5 cm long (pi. 9, B). Some of the nerves on the exposed 
portion of the lemmas may be scabrid also. 

The paleas are entire, not split. The lodicules are 1 mm wide, 
2.8 mm long and are beset with hairs 0.58 mm long. 

TRITICUM TURGIDUM X HAYNALDIA VILLOSA 

The plants of the hybrid Trltiami turgidvm X Haynaldia villosa 
have an upright habit of growth and attain an average height at 
maturity of 177.8 cm. Each culm is liollow with a small cavity at 
a point 2.5 cm below the head, glaucous, and purple-pigmented. The 
nodes are glabrous. 

The leaf blades are 7 to 9 nun wide and puberulent on both the 
upper and lo\ver surfaces. The edges of the blades are scabrid and 
possess a few hairs 1 to 2 mm long on the lower part of the blades. 
The auricles are 2 mm long with a few hairs 8 mm or less in length. 
The leaf sheaths are purple-pigmented, glabrous, slightly glaucous 
on the surfaces, and glabrous on the overlapping edgCvS* The lig- 
ules project 3 to 4 mm from the point of attachment to the leaf. 

The spikes may be simple or branched, very fragile, 9 to 40 mm 
wide across the two-ranked face, 12 to 18 cm long exclusive of the 
awns, and consist of from forty to sixty-five 2- to 4-flowered spike- 
lets (fig. 7, 5). 

The spikelets are 8 to 9 mm wide and 17 to 18 mm long exclusive 
of the awns (pi. 11, B), Most of the spikelets are completely sterile, 
although a few kernels were obtained that are longer than either of 
the parents (pi. 2, F). On the exterior side of the spikelet at the 
base is a tuft of bristles Which are 2.5 or less in length and extend 
to the two lateral edges of the rachis internode to which the spike- 
let is attached (pi. 11, B). At the base of the spikelet on the side 
facing the rachis is another tuft of bristles which are 1 mm or less 
in length. 

The rachis intemodes are intermediate in shape between those 
of the parents, 3 to 3.5 mm long, and glabrous on the surfaces, and 
on each of the two lateral edges is a fringe of bristles 0.5 to 3.5 mm 
long, the longest being located at the apex of the rachis internode 
ana the shortest at the base (pi. 11, B). 

The glumes are 4 mm wide, 7 to 9 mm long exclusive of the awns, 
papillate on the exterior surface except on tbe membranous portion 
near the edges, and each possesses four nerves, the two most promi- 
nent of which form keels. The rear one of the two most prominent 
nerves is the stronger and forms the primary keel, at the apex of 
which is a black awn 1.5 to 2.5 cm long (pi. 11, ff). The glume 
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shoulders are intermediate in width between those of the parents, 
elevated, and nondentate (pi. 11, B). 

The prominent nerve nearest the front forms a sectmdary keel. 
The two keels of the glumes of this hybrid are beset with imtufted 
superasperites which have a maximum length of 8.3 mm (pi. 11, B; 
pi. 12^ 2). Between the two prominent nerves is a sKaUow, lon- 
gitudinal channel through which passes a conspicuous nerve which 
unites with the primary keel at the apex of the glume. 

The lemmas are 3 to 4 mm wide and 10 to 13 mm long, papillate, 
and terminate in a purplish black scabrid awn 5 to 9 cm long. At 
the apex of the lemma on the keel are several untufted superasper- 
ites 1.7 mm or less in length (pi. 1, E; pi. 11, B; and pi. 12, E). 
Also a few asperites may be found on the exposed portion of the 
lemma, usually on the nerves. 

The paleas are entire, not split. The lodicules are 0.9 mm wide 
and 1.8 mm long and are beset with hairs 0.5 mm long. 

SECALE FRAGILE X HAYNALDIA VILLOSA 

The plants of the hybrid SeccHe fragile X Hayrtaldia viUosa have 
an upright habit of growth and attain an average height at maturity 
of 106-7 cm. The culms are hollow, purple-pigmented, and glaucous, 
and the peduncle below the head for several centimeters is covered 
with hairs which are less than 1 mm in length (pi. 2, B; pi. 3, H ) . 
The nodes are glabrous. 

The leaf blades are 5 to 6 mm wide and possess on the upper and 
lower surfaces an abundance of hairs 1 to 2 mm long. The edges of 
the leaf blades are scabrid and beset with hairs 1 to 3.0 mm long. 
Just above the li^le on the leaf is a collar of hairs slightly shorter 
and fewer in nuniDer than those of the Secede parent (pi. 4, A) . The 
exterior surface-s of the lower leaf sheaths are hairy or puberulent on 
the exterior surfaces and glabrous on the edges. Ine leaf sheaths ai*e 
also weakly glaucous, and .slightly purple-pigmented, and the over- 
lapping lateral edges are devoid of hains. The auncles are 2 mm 
long with several h^airs 4 mm or less in length. The ligules project 
.3 ram from the point of attachment to the leaves. 

The spikes are extremely fragile, 8 to 9 mm wide across the two- 
ranked face, 10 to 12 cm long exclusive of the awns, and consist 
of from thirty to thirty-eight 3- or 4-flowered sterile spikelets (fig. 
8, B). At maturity the rachis breaks with a clean fracture at its 
joints into small segments, at the apex of each of which is attached a 
spikelet (pi. 10, E). 

The spikelets are 6 to 7 mm wide and 16 to 18 mm long exclusive 
of the awns (pi. 10, E) . On the exterior side of the spikelet at the 
base is a tuft of short bristles 0.36 mm or less in length (pi. 10, E ) . 
At the base of the spikelet on the side facing the rachis is a tuft of 
short bristles which are 0.5 mm or less in len^h. 

The rachis intemodes are 3 mm long and usually glabrous on the 
exterior surface, though occasionally &ere may be an irregular dis- 
tribution of extremely short bristles (pi. 10, J^). The edges of the 
rachis intemodes are fringed with numerous bristles 3.5 mm or less 
inilengtii. 

Tk glumes are glaucous, 1 mm mde, S to 10 mmlona i^- 

oi t\ie awns, papillate except on the membrimoiur 
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near the edges, and possess two prominent scabrid nerves which form 
keels and are separated by a boat-shaped depression about 0.75 mm 
wide at the center. The two keels converge at the base and apex. 
At the amx of each glume is a long scabrous awn 3 to 5.5 cm long 
(pi. 10, S'). The primary or more prominent keel, however, pos- 
sesses abundant superasperites 1.9 mm or less in length, while the 
secondary keel usually is beset with asperites. The glume shoulders 
are intermediate in width between those of the parents, slightly ele- 
vated to oblique, and nondentate (pi. 10, E), 

The lemmas are 2.5 mm wide, 12 to 14 mm long exclusive of the 
awns, and papillate on the exterior surfacej and each has five nerves, 
the middle one of which is keeled and terminates in a purple, scabrid 
awn 5 to 7 cm long (pi. 10, E). The keels of the lemmas throughout 
their entire length are beset with slender superasperites 1.4 mm or 
less in length. The exposed surface of the lemma and the margins 
usually are beset with reduced spur asperites (pi. 10, E). The edges 
of the lemma are beset with thin hairs 0.75 mm or less in length. 

The paleas are entire, not split. The lodicules are 1 mm wide and 
2.9 mm long and are beset with hairs 0.66 mm long. 

DISCUSSION 

Hybrid seeds were obtained and the Fi plants matured from the 
crosses of Haynaldia villosa on Triticum aegilopoides, T. tvmo- 
pheevi, T. dicoccoides, T, dicoocvm, T. durum, 2\ turmdvm, T. polo- 
nhum, and Seeale fragile. Attempts to cross T. vmgare, T. spelta, 
T. compojotum, and S. eereale with i7. villosa have met with failure. 
Several varieties of T. vvlgare when pollinated with pollen from 
villosa produced enlarged structures which were devoid either of 
embryos or of endosperms. One hybrid seed of the cross T, vulgare 
var. C. I. 6223 X II, 'vUlosa germinated but died before the forma- 
tion of the third leaf. 

From Strampelli’s successful (jross of T. vvlqare with T. vUlomm 
{Haynaldia) , as reported by Baineri {6) and a similar cross vrith 
anotW, T. spelta X T. viUosv/tth, by Tsenermak {8, 9), it is prob- 
able that these investigators may have had a variety of H. villasa 
different from that used by the writer. The writer has been unable 
to cross T. vulgare and spelta with H. villosa. 

The form of Haynaldia villosa used by the writer was procured 
from Kussia, grew normally to a height of 120 to 130 cm in a 
greenhouse, and set seed satisfactorily under these conditions and 
out of doors. Another form of H. villosa introduced from Denmark 
under the name Agropyron vUlosum grew to a height of only 40 
cm and showed abnormal anther dwiiscence, which resultea in 
almost complete sterility of the plants. Because of the difficulty in 
procuring pollen from the latter form no attempts were made to 
make hjbnds with it. 

Special attention was devoted to a study of the trichomes because 
of the variation of their shape, length, and thickness. 

The lodicule is an interesting organ which has received little 
attention in morphological studies of the grasps. Prelimina^ 
stupes of the lodicul^ of Tnticam, Secede, AegUops, Hayruidia, 
and Agropyron species indicate that these origans nave certain 
characteristics that may be used in the identification of qpedes and 
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genera. There are differences in sliape, dimensions, and marginal 
indentations, and in the length and distribution of the hairs on the 
exterior suriaces. Plate 13 shows the lodicules of T. ae^opaides^ 
T. polonioum^ S. fraaile. and H. viUosa and of Fi hybrids of the 
first three species with jaaynaldia. 

The various species used in the production of the hybrids de- 
scribed fall into two chromosome groups. Tritiernrh aegilopoiden^ 
Seeale fragile^ and Haynaldia vUlosa are diploid species, while T. 
timopheevi^ T. dicoccoides^ T. dicoceum^ T. polonicum^ T, durum^ 
and T. turgidtim are tetraploid species. Although H. villosa^ S. 
fragile, and T. asgilopoides each have seven haploid chromosomes, 
when H. vUlona was crossed with S. fragile and T, asgilopoides the 
Fi hybrids were completely self-sterile. This has particular sig- 
nificance, especially in view of the fact that in the latter hybrid a 
maximum of five pairs of chromosomes were observed during mei- 
osis. With the exception of T. turgidum, var. Alaska, all of the 
tetraploid species reierred to above when crossed with H, villom^ 
a diploid species, produced hybrids that were completely self -sterile. 
The cross T. turgidum var. Alaska X TI. villosa is the only Fi hy- 
brid among all of the crosses made that showed any fertility, and 
this produced only an average seed set of 3.8 percent with a maxi- 
mum seed set of 11.1 percent for a single plant. The Fo plants of 
this cross produced an average seed set of 29.7 percent with a maxi- 
mum seed set of 58.8 percent for a single plant, and the Fs plants 
Iiroduced an average seed set of 58.6 percent with a maximum seed 
set of 76.9 percent for a single plant. No apparent segregation 
occurred in the F 2 and subsequent generations of the cross 1\ 
turgidum X H, villosa^ the Fi type remaining fixed in its morpho- 
logical characters. In figure 9 are shown Fo spikes. 

in general, the Fi hybrids of the above crosses resemble the 
Triticvm or Secale parent, although a critical study indicates that 
the majority of the characters of the Fi hybrids are intermediate 
between those of the parents involved. Some characters of the Fi, 
however^ show a decided increase over those of either parent, while 
others show a dominance of one or the other parent. For conven- 
ience ill comparison 52 characters showing characteristics of the 
parents and hybrids are listed in table 2. These are discussed 
in the following paragraphs, which are numbered to correspond 
with the table. 

1 . The Fi hybrids p£ Triticum timopJieevif T, dicocooidea, T, dicocctm^ T. 
durum, T» turgidum, and T. polonicum with Saynaldia vUlosa are greater 
in stature than either parent, while those of T, aegUopoidea and Secale fragile 
with H. villosa are somewhat intermediate to parental stature. 

2. The culms of Hagmldia villosa are hollow at a point 2.6 cm below the 
head and possess large cavities. Triticum polomcum and Secale fragile have 
hollow culms with small cavities. When these are crossed with H. villosa 
the Fi plants have cavities intermediate between those of the parents. T, 
aegilopoides, T. dioooooides, T. dicocoum, and T, turgidmn all have solid culms 
at a point 2.5 cm below the head. When these are crossed with H, villosa 
the Fi hybrids have culms with cavities similar in size to those of the 
ffaynaldia parent. Crosses between T, timopheevi and H, vUlosa, both of 
which have large culm cavities, produced Fi hybrids with culm cavities larger 
thap those of either parent. Crosses between T. durum and JJ, villosa, with 
culm cavities similar In size, produced Ft plants with culm cavities not appre- 
ciably different in size from those of either parent. Cross sections of the 
culms ZR cm below the spike of the parents and Fi hybrids of the crosses 
T. aegilopoides, T, durum, and 8, fragile with H. viUosa are shown in plate 3. 





Table 2. — Some characters of seven species of Triticum, Secale fragile^ and Haynaldia viUosa and their expressiorCifC^he^PO^yhrid$yesuUing 

from the crossing of Triticum arid Secale species with H. villosa, 

[Plus (+) denotes presence, and minus (~) absence, of character i named] 
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Tabls ^.—^Some characters of seven species of Triiicum, Secale fragile, and Haynaldia viUosa and their ^pression in the F\ hybrids resulting 

from the crossing of Triticum and Secale species voith H. villosa — Continued 
[Plus (+) denotes presence, and minus (— ) absence, of character » named] 
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3. Anthocyanin formation In the stems is dominant over the absence of 
this function. The culms of Tritioum ae^iiofioides, T. dioocooi4e$, and ISecnUe 
froffUe possess anthocyanin pigment. T, timopheevi T. diooooum, T, polonioum, 
T. durum, and T. turgidum have culms devoid of anthocyanin pigment When 
these latter are crossed with Haynaldia villoaa, which has anthocyanin pig- 
ment in its stems, the Fi hybrid plants possess anthocyanin pigment. 

4, PaidUate and pubescent pedundes are dominant over glabrous peduncles. 
All of the species here reported on, with the exception of Seoale fragile and 
Triiioum timopheevi, have glabrous peduncles. T. timopheevi has papillate 
peduncles and when crossed with Haynaldia viUoaa with glabrous p^uncles 
produced Fi hybrids with papillate peduncles. The papillae of this hybrid are 
fewer in number and smaller in size, however, than those of the T, timopheevi 
parent. The peduncles immediately below the spike of K. fragile are abun- 
dantly pubescent. When this species Is crossed with H, vUlosa the resultant 
hybrids have pubescent peduncles. The hairs of the hybrids, however, are 
greater in number but slightly shorter than those of the pubescent parent 
(pi. 2, A, B. C). 

6. Glaucous culm Is dominant over nonglaueous culm. Triticum timopheevi, 
T. dicocooides, T, durum, T. turgidum-^ pok)nioum, Recale fragile, and Hap- 
naldia vUloaa all have glaucous culms. The culms of T. aegUopoidea and T. 
diooccum are not glaucous. When these latter two are crossed with H, vUloaa 
the Ft hybrids have glaucous culms. 

6. Considerable variation occurs In the length, number, and distribution of 
hairs on the nodes of the parents and hybrids. In some species considerable 
variation in hairiness exists even on the separate nodes of the same culm. 
When Triticum aegilopoidca and T, diooocoidca, with pubescent nodes, are 
crossed with HaytMdia villoaa, with glabrous nodes, the Fi hybrids have nodes 
with intermediate hair development. T, timopheevi, T. diooccum, and T, 
poUmAoum, with puberulent nodes, when crossed with U. villoaa produced 
liybrids with nodal hairs usually shorter and fewer than those possessed 
by the puberulent parent. Secale fragile, with puberulent nodes, when crossed 
with H, vUloaa produced Fj hybrids having glabrous nodes. T. durum and 
T. turgidum have glabrous nodes. 

7. Considerable variation in width of the leaf blades exists among the 
parents and Fi hybrids of the various crosses. Triticum aegilopoidea, witii 
leaves 5 mm in width, represents the narrowest, while T. poionicum, with 
leaves 20 mm in width, represents the widest. T. timopheevi, T, dicocooidcs, 
T. durum, T, diooccum, T. polonUmm, and T. turgidum are all equal to or greater 
than Haynaldia viUoaa in leaf width. When T. timopheevi, T. dicoccoidea, and 
T. durum are crossed with Haynaldia, Fj hybrids are produced with leaves 
greater in width than those of either parent. T, diooccum, T. poionicum, and 
T. turgidum, when crossed with Haynaldia, produced Fa hybrids with leaves 
intermediate in width between those of the parents. T, aegilopoidea and Secale 
fragile are less in leaf width than Haynaldia, and hybrids of the former with 
Haynaldia have leaf blades intermediate in width lietween the parents, while 
hybrids of the latter with Haynaldia have leaf, blades less in width tlian 
either. 

8. Pubescent leaf blade margins are donlhiant over glabrous leaf blade 
margins. Triticum aegilopoidea, T, timopheevi, T, poionicum, Secale fragile, 
and Hapnaldia vUloaa have leaf blades with pubescent margins. T. dioocooidea, 
T. dicoocum, T. turgidum, and T, durum have leaf-blade margins devoid of 
pubescence. When the four latter are crossed with Haynaldia the Fa hybrids 
possess pubescence on leaf-blade margins. 

9. Scabrid leaf-blade margins are dominant over their absence. Triticum 
aegilopoidea, T, timopheevi, T, dicoccoidea, T. dicoccum, T. durum, T, poionicum, 
Secale fragile, and Haynaldia vUloaa have scabrid leaf-blade mar^ns. T. turgi- 
dum has nonscabrid leaf-blade margins. When the latter is crossed with 
Haynaldia, Fi plants with scabrid leaf-blade margins result. 

10. Pubescent leaf sheaths are dominant ov^ glabrous leaf sheaths. Triti- 
cum dicoccoidea, T, diooccum, T. durum, T. poionicum, T. turgidum, and Hay- 
naldia viUoaa have glabrous leaf sheaths. T. aegUopddea, T, tUnopheevi, and 
Secale fragile have pubescent leaf sheaths. When these are crossed with 
Haynaldia the Ft plants possess pubescence on the leaf sheaths. 

11. Qlaucous leaf sheaths are dominant over absence of this character. .The 
leaf sheaths of fHticum aegilopoidea and T, dicoccoidea are hon^aucous. T. 
timopheevi, T. diooccum, T, durum, T, poionicum, T. turgidum, Secale fragile, 
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andi Suil^Mldia viUaaa have glaucous leaf sheatbs. T. aegUopoide9 and T. 
dieocoai^es, when crossed with HixiymMUif produce hybrids with glaucous leaf 
edieaths. 

12. Anthocyanin pigmentation of the leaf sheaths is dominant over its 
absence. Triticum diooocoidea, Become fraifile, and UaunaldUu pillosa have 
anthocyanin-pigmented leaf sheaths. T, aegUopoides, T, timopheevi, 7. diooe- 
cum, T. durum, T, poUnUoum, and 7. turgidum are without anthocyanin pig- 
mentation. When these are crossed with JEtaynaldia the Fi hybrids have 
anthocyanin-pigmented leaf sheaths. 

18. Pubescence of overlapping leaf-sheath margin is dominant over its absence. 
Triticum dieoooum, 7. durum, 7. poKmioum, 7. turgidum, Seoale frogUs, and 
Hwgndldiu vUloaa all have overlapping leaf-sheath margins devoid of pubescence. 
7. uegilopoides, 7. timophemH, and 7. dicooooidea have pubescent overlapping 
leaf-sheath margins. When the three latter are crossed with Haynaldia the Ft 
hybrids all possess pubescence on the overlapping leaf-sheath margins. 

14. The length of the auricle varies among the different species and hybrids. 
Triticum aegilopoidea and 7. iimopheevi, with short auricles, crossed with 
Haynaldia villoaa, possessing longer auricles, produced Fi hybrids somewhat 
intermediate in auricle length between those of the two parents. When 7. 
dicoccoides, 7. turgidum, and Beoale fragile are crossed with H, villosa the 
Ft hybrids are similar to the Haynaldia parent in auricle length. 7. dkocoum 
and H, villoaa are the same in auricle length, and their Fi has auricles of the 
same length as the parents. Crosses of 7. durum and 7. polonioum with 
Haynaldia produce T^\ hybrids with auricles greater in length than those of 
either parent. 

15. With the exception of Triticum pclonicum and 7. durum, all of the species 
used in the crosses here retorted have hairs on the auricles, these ranging 
from 0.25 to 6.0 mm in length. 7. aegUopoidea, 7. diooccum, and 7. turgidum 
crossed with Haynaldia villoaa produced hybrids having auricle hairs inter- 
mediate between those of the two parents. Crosses of 7. timopheevi and 7. 
dicoccoidea with Haynaldia produced hybrids with auricle hairs greater in 
length than those of the parents. 7. polonioum, without auricle hairs, crossed 
with Haynaldia produced an Fi with auricle hairs greater than those of the 
Haynaldia parent. 7. durum, without auricle hairs, crossed with Haynaldia 
produced an Fi having auricle hairs similar to those of Haynaldia, Becale 
fragile, with short auricle hairs, crossed with Haynaldia produced hybrids with 
auricle hairs as long as those of the Haynaldia parent. 

16. The ligules of the various species and hybrids vary In length from 0.7 
to 4.0 mm. Triticum aegilopoidea and 7. timopheevi crossed with Haynaldia 
villoaa produced hybrids with ligules intermediate in length between those of 
the parents. 7. dicoccoidea and 7. turgidum crossed with Haynaldia produced 
hybrids having ligules greater in length than those of either parent. 7. durum, 
7. polonioum, and Becale fragile crossed with Haynaldia produced hybrids hav- 
ing ligules of the same length as those of the Haynaldia parent. The ligules 
of the Fi hybrid of the cross 7’. diooccum X Haynaldia are similar in length to 


those of the 7. diooccum parent. 

17. The spike widths of the ti hybrids are not exactly comparable with those 
of the parents because of self-sterility. When kernels are present in the 
florets the glumes are iH>i‘csd apart, causing an Increase in the width of the 
spikelets. The simple type of head of Triticum turgidum var. Alaska is 10 
mm wide, while the ramified type of the same variety is 35 mm wide. Hybrids 
of 7. turgidum X Haynaldia villoaa produced simple heads with a maxim^ 
width of 0 mm or ramified heads with a maximum nead width of 35 mm. Me 
F» simple head type is about the same width as that of Haynaldia, the smaller 
parent, and the Ft ramified heads are about the same width as those of^the 
7. turgidum parents. In the crosses 7. aegilopoidea X H, viUom, 7[. 

X H, vUtoaa, 7. durum X H, viUoaa, and Becale fragile X H, vittoaa the^ 
heads are somewhat intermediate In width between those of the parents The 
head width of the Ft of 7. dicoqcum X H, villoaa is the same &b that ^ 7. 
diooccum, the smaller parent, and the Ft head width of the crones 7. 
and 7. poimicum with H, vUloaa is less than that of either parent (pis. 

’M.^Cro\^ of the Tarlons species of Trtticim and 

villoaa produced Ft hybrids with spikes longer than those of either parent (figs. 
1 — 8 ) 

19 ! The number of spikelets to a head varies with the parents and hybiMs. 
Triticum dicoccoidea, with an average of 18 spikelets, repres^ts the speeiea 
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with the smallest number ot spikelets to the head. T. turgidumt with an aver- 
a£;e of 55 spikelets, represents the species with the greatest number of spikelets 
to the head. When T. aegilopoidea, T, Hrnopheevit T, dvcoccoides, 7\ polofUeufUt 
and Seoale fragile were crossed with Haynaldia viUaea the Fi hybrids produced 
a greater average number of spikelets to the head than that produced by either 
parent When T. diooocum, T, durum, and T, turgidum were crossed with 
ffayndldda the Fi hybrids produced an average number of spikelets intermediate 
l)etween those of the parents. 

20. The spikelets vary in width. The width of the Fi spikelets resulting 
from the crosses Tritioum aegilopoides, T. dicoocoides, T, turgidum, and Secale 
fragile with Eagnaldia villosa is greater than that of either parent. The 
width of the Fx spikelets resulting from the crosses of T. timopheevi ainl T. 
dieoccum with Eagnaldia is smaller than that of either parent. The cross of 
T. durum with Eagnaldia produces a spikelet the width of which is intermediate 
between the widths of the parents. The width of the Fi spikelets of the cross 
T, polonicum by Eayndldia is equal to that of T. polonicum, the larger parent 
(pis. 5, 9, 10, 11), 

21. There is considerable variation in the length of the spikelets of the 
parents and hybrids. The spikelet measurements were made from the tip of 
the uppermost floret to the base of the glume of the lowermost floret. (Crosses 
of Tritimm aegilopoiden, T. dirocc^um, and T. jiolonwwm with Haynaldm pro- 
duced Pi hybrids with spikelets intermediate in length between those of the 
parents. T. timopheevi, T. diooccoides, T. turgidum, and Sccale fragile, when 
crossed with Eagnaldia, produced Fi hybrids greater in spikelet length than tliat 
of either iwirent. The Fi hybrid of T, durum X E. iHllosa produced spikelets 
equal In length to those of T. durum. Characters that materially influence the 
length of the spikelet are the nuinher an<l length of the imjxirfect upper florets. 
In the species studied, with the exception of T. aegUopoidcs, each of the two 
lower florets of a spikelet normally produced a kernel. In all the hybrids but 
one (T. turgidum var. Alaska X E. villom) the glumes appeared normal in 
development but no kernels were produced. The number of lmi)erfect upper 
florets of a i^ikelet varies somewhat among the different species. The upper 
florets of tlie spikelets of S, fragile and T, aegilopoidcft are only rudimentary 
and do not protrude above the two lower florets. T. argilopoidea produces 
only a single kernel to the spikelet. Eagnaldia had the greatest number of 
sterile florets protruding on the spikelet and when crossed with species of 
Triticum and Seoale usually produced an intermediate expression of this char- 
acter (pis. 6, 9, 10, 11). 

22. Branched rachis is dominant over simple rachis. Eagnaldia mllosa and 
all the species of Triticum studied, with the exception of T. turgidum. have 
simple rachises. T. turgidum var. Alaska usually produces ramified or branched 
heads, but this character is not stable under all environments and both branched 
and simple head types may be produced. When T. turgidum var. Alaska with 
ramified or branched heads was crossed with H. villosa having simple heads, 
the Fi hybrids produced both branched and simple heads (fig. 7). 

23. Fragile rachis is dominant over tough rachis. Fragility of the rachis 
has been divided into two types of expression, i. e., fragile and very fragile. 
Triticum aegilopoidea, T. dicoccoides, Seoale fragile, and Ha/gnaldia villosa 
have very fragile rachises. T. dioocoum has a fragile rachis. T. timopheevi. 
T. durum, T. polonicum, and T. turgidum have tough rachises. Species with 
fragile rachises crossed with H. villosa, having a very fragile rachis, produced 
Fi hybrids with very fragile rachises. Species with tough rachises crossed with 
E. villosa produced Fi hybrids with fragile rachises. The one exception 
to this was the Fi hybrid of the cross T. polonicum X E. villosa, which produced 
fragile rachises (pis. 5, 9, 10, 11). 

24. All the species of Tritioum and Secale used in crosses, with the exception 
of T. timopheevi, have oblong or wedge-shaped rachis internodes. When these 
were crossed with H. villosa, with obovate rachis internodes, the Fi hybrids had 
intermediate-shaped internodes. T. tinuopheevi, with blunt cuneate-shaped 
rachis internodes, when crossed with Eagnaldia, produced Fi hybrids with 
rachis inteniodes interme<Iiate between th<»se of the parents. In plate 8, A, 
is ^own an oblong rachis interiiode of T. dk^ocooldes; plates S, C, shows an ob- 
ovate rachis Internode of E. villosa; plate 8, IS, the Fi hybrid between the two 
forms. As may be observed, the Fi hybrid favors the Triticum parent, in 
length, while the obovate condition of the Eagnaldia rachis predominates. 

25. The rachis internodes of the various parents and Fi hybrids vary In 
length. When TrUUmm aegilopoides and T, durum with long rachis^ internodes 



Nov. U ld35 


Intergenerie Hybrids of Triticum and Secale 


795 


were crossed with Haynaldia villosa with short rachis interiiodes, the inter- 
nodes of the Fi hybrids were the same length as the internodes of the Triticum 
l>arents. 7\ timopheevi, with the short rachis internodes, when crossed with 
Haymldifit produced Fi hybrids with internodes longer than those of either par- 
ent. SeccUe frayilet T. dicooooides, and T, tmlonivum, with long internodesi when 
crossed witli Haynaldia produced F hybrids with intemodes intermediate 
between those of the parents. The Fi hybrids of the crosses T. turyidum &nd 
T» dicoooum with Haynaldia produced rachis intemodes greater in length than 
those of the Triticum parent 

26. The nontufted condition of hairs on the lateral edges of the rachis inter- 
nodes is dominant over the tufted condition. All of the species of Triticum and 
Secale studied have nontufted hairs on the lateral edges of the rachis inter- 
nodes, and, while Haynaldia has rachis intemodes with tufted hairs, the F» 
hybrids all had nontufted hairs (pis. 5, 9, 10, 11). 

27. Glume width varies among the different species and hybrids. The glumes 
of the Fi hybrids of Triticum timopheevi, T. oegilopoideB, and Secale fragae 
with H, vUlosa are Intermediate in width between the glumes of the parents. 
Fi hybrids of T, durum and Haynaldia have glumes equal in width to those 
of Haynaldia, the parent with widest glumes. The Fi hybrids of T. polonUmm 
and Haynaldia are equal to T. polonicum in width of glume. The glume width 
of the Fi hybrids of T, turgidum and T, dicoccum with Haynaldia is greater 
than that of either parent. The glumes of T. diooccoides, H. villosa, and 
their hybrids are alike in width. 

28. Glume length varies among the si)ecies and hybrids. Crosses of Triticum 
timopJieevi, T. diCOcooides, T. polonicum, and Secale fragile with Haynaldia 
produced hybrids the glume length of which was intermediate between that 
of the parents. When T. acgilopoidea, T. dicoccum, T. durum, and T. turgidum 
are crossed with Haynaldia, tlie Fi glume length is greater than that of either 
parent. 

29. The beaks or awns on the glumes of the several species of Triticum and 
of Secale and Haynaldia and their hybrids vary considerably in length. All 
of the Triticum species studied have shorter glume beaks than those of Hay- 
naldia. The glume beaks of the Fi hybrids of T, timopheevi, T, dicoccoides, 
and T, dicoccum are greater in length than those of the parents. Fi hybrids of 
T. aegllopoides, T, durum, and T. turgidum have glume beaks Intermediate 
between those of the parents but favor Ha/gnaldia. The Fi hybrid of IT. 
polonicum and Haynaldia- has glume beaks as long as those of Haynaldia, the 
parent with the longer glume beaks. The glume beaks of the Fi hybrid of 

S. fragile and Haynaldia are interme<]iate between those of the parents but 
favor those of Secale. 

30. Considerable variation occurs in the shape of the glumes at the apex 
and in the expression of the tooth when present. Haynaldia villoaa has 
broad, elevated, and rounded shoulders. Secale fragile lacks glume shoulders, 
and when crossed with H. viJlosa it produced Fi hybrids with glume shoulders 
slightly elevated and somewhat intermediate in width. When Triticum durum, 
with narrow and slightly elevateil glume shoulders, was crossed with H. villosa, 
the Fi hybrids had shouldem that were elevated and Intermediate in width 

T. turgidum, with narrow ana oblique glume shoulders, crossed with H. vUloaa, 
produced Fi hybrids having elevated glume shoulders Intermediate in width. 
T. monococcum and T. dicoccum, with narrow glume shoulders and a short 
tooth, crossed witli Haynaldia, produced Fi hybrids having glume shoulders 
intermediate in width and possessing a tooth on each glume. T. dicoccoides 
and timopheeni, with glume shoulders slightly elevated and with a single 
tooth, when crossed with Haynaldia, produced Fi hybrids with usually slightly 
elevated glume shoulders intermediate in widtli and sometimes showing a 
rudimentary tooth (pis. 5, 9, 10, 11). 

31. Haynaldia vUlosa has large papillae on its glumes. When crossed with 
Triticum aegUopoides, T. dicoccoides, T. durum, T. dicoccum, T. turgidum, T. 
polonicum, and Secale fragile, all with small papillae, it produced Fi hybrids 
with intermediate-sized papillae on their glumes. T. timopfieei>i, with glumes 
devoid of papillae, when crossed with Haynaldia produced Fi hybrids with 
medium-sized papillae on their glumes. 

32. Canaliculate glumes are dominant over the noncanaliculate condition. 
Haynaldia villosa possesses a deep channel or depression between the two 
prominent keels of the glume. No channels of this natufe are present in the 
other species studied. The crosses all allowed the canallculated condition In 
the Vi hybrids, except that the glumes had more shallow depressions than A 
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vUioBa and we^ usually bisected by a prominent nerve, forming two distinct 
channels. Secale IrigUe X vUlosa had no middle nerve. Unicanaliculatlon 
is always associated with bicarinatlon« 

83. Bicarinate glumes are dominant over unicarinate glumes. All of the 
species cf THtUmm and Seoale reported herein are sing]e>keeled or unicari- 
nate, while Heynaldia vUiesa has bicarinate glumes. There is some variation 
in l^e ]f(eel expression of the bicarinate glumes of the St hybrids, but, in gen- 
eral, ihe bicarinate condition predominates. 

34. Glaucous glumes are dominant over nonglaucous glumes. HaynoldUi 
viUCsa, TrUicum timep^eeiH, T, polofUcum, T. turgidum^ T. dt^rum, and Seoale 
fragile have glaucous glumes, and hybrids involving them all liad glaucous 
glumes. T. diooocum, T, ae^opoides, and T. dioooooides have nonglaucous 
glumes, yet when crossed with H, viUosa the hybrids had glaucous glumes. 
The hybrids usually were glaucous, Intermediate in degree between the jiarents. 

35. Pubescent glumes and lemmas are dominant over nonpubesc^ent glumes 
and lemmas. All of the species studied, except Triticwn poionicum and T, 
timopheepit have nonpubescent glumes and lemmas. The two exceptions have 
pubescence on the exterior surface of the glumes. The presence of pubescence 
on the glumes and lemmas of these forms is accompanied by the additional 
development of asperites and hairs (pubescence) of greater thickness and 
length on the keels and nerves. This is true to an extent that hairs some- 
times resemble small superasperltes (pi. 0). When HagnoiMa, with glabrous 
glumes and tufted bristles on its keels, is crossed with Triticum timopheevi, 
with pubescent glumes and asperites on its keels, the Fi hybrids have glumes 
with considerably reduced pubescence both in length of hair and distribution, 
and keels with superasperltes 1.7 mm long. On the other hand, when Hay- 
naldia is crossed with T. poi^ioum^ with less pubescence than that possessed 
by T. timopheevi, the St hybrids have a reduced pubescence on the glumes with 
only slight development of asperites on the keels and prominent nerves. These 
asperites rarely exceed 0.5 mm in length. A few superaspel*ites as long as 
1.5 mm, however, were sometimes developed on the keel of the lemma. 

36. The lemmas of the different species and Fi hybrids are variable in width. 
When Haynaldia vUlosa was crossed with Triticum aegilopoides, the Pi hybrids 
had lemmas equal in width to those of Haynaldia, which had the widest lemmas. 
The Fi hybrids of T, dicoccoides have lemmas equal in width to those of the 
parents. The Fi lemma widths of the crosses T. durum and T, turgidum witli 
Haynaldia are greater than those of either of the parents. The Fi hybrids 
of the cross Seoale fragile with Haynaldia have lemmas equal in width to those 
of 8. fragile, the parent having the wider lemmas. The Fi hybrids of the 
cross T. dioocoum X H, villosa have lemmas as wide as those of T, dUmccum, 
the wider parent 

37. The lemmas of all the species and hybrids vary in length. In all the 
crosses but one the Pi hybrids produced lemmas intermediate in widtli between 
those of the parents. The exception, the cross Triticum dicoccum x H. villosa, 
produced Fi hybrids with lemmas slightly greater in length than those of 
either parent. 

38. The awns on the lemmas of the various species and their hybrids show 
considerable variation in length. Crosses of Triticum aegilopoidea, T. timc- 
pheevi, T, dioocooides, T. durum, T. polorUcum, T, turgidum, T. dicoocum, and 
Seoale fragile with Haynaldia villosa produced Fi hybrids with lemma awns 
intermediate in length between those of the parents. 

39. Bliack or purple awns on lemmas and glumes are dominant over yellow 
awns. When black-awned species are crossed with purple-awned species, the 
awns of the hybrids are usually purplish black. Triticum iimopheevi, T. 
dicoociMes, T, polottlcum, and T. turgidum have brown to black awns, while 
T, aegilopoides, T, dioocoum, and T, durum have yellow awns. When Haynaldia 
viUosa with purple pigment in its awns was crossed with T. aegilopoides, T. 
dioocoum, or T. durum, the Fi hybrids produced weakly purple awns. When H, 
viUosa was crossed on T. iimopheevi, T, dicoecoides, T, polonioum, or T. tur- 
gidum, the Fi hybrids had purplish black awns. Haynaldia crossed with Seoale 
fragile, also having purple awns, produced Fi hybrids with awns usually more 
Intensely purple than those of either parent 

40. Haynaldia villosa has large papillae on Its lemmas. When crossed with 
TritUmm aegilopoides, T, timophemji, T. dicoocoides, T, durum, T, dioocoum, T, 
turgidum, T. polonioum, and Seoale, fragile, all with small papillae, Fi hybrids 
wer^ produced with intermediate-sised papillae on their lemmas. In plates 
2, B, and tt F. are shown papillae on a lemma of H. villosa. 
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41. In general, the trichomee. on the glume keels of the hybrids resulting 
from crosses between species having short and long glume keel tiichomes are 
intermediate in length. When Tritiaum species possessing glumes with asperites 
on their keels were crossed with Hwynaldio, which possesses bristles on its 
glume keels, the Fi hybrids had superasperites on the keels (pis. 5, 9, 10, 11, 12), 
Becale fragile, with asperites on its glume keels, when crossed with HayMOdia] 
produced Fi hybrids with superasperites on their glume keels slightly shorter 
than those on the Triticum hybrids (pis. 10, 14). 

42. Nontufted or continuous tricliomes on the glume keels are dominant 
over tufted trichomes. Nontufted triehomes are present on the glume keels of 
the species of Triticum and Becale studied. Wlien tliey were crossed wltli 
Haynaldia, which has tufted triehomes on its glume keels, the Fi hybrids had 
nontufted trichomes or superasperites on their glume keels. These superas- 
perites were usually fewer, thicker, and shorter than the tuft bristles on the 
glume keels of Haynaldia (pis. 5, 9, 10, 11, 12, 14). 

43. Triticum aegilopoidea, T, timopiieevi, T\ dicoccoides, T. dicoccum^ T. 
duruMf T, polonicum, and T. turgidum have short trichomes or asperites on 
the keels of their lemmas, Wlien crossed with Haynaldia vaicna, having long 
trichomes or Iwistles on the keels of its lemmas, these species produced Fi 
hybrids with superasperites Interiiiediate in length between tlie trichomes of 
the parents (pis. 6, 9, 10, 11, 12). Becale fragile, with spur asperites on its 
iemmai keels, when crossed with If. mllosa produced Pi hybrids with super- 
nsperites intermediate between the trichomes of the parents (pis. 9, 14). 

44. Nontufted or c<mtinuous trichomes on the lemma keels are dominant over 
tufted trichomes. -Nontufted trichomes are present on the lemma keels of 
the species of Triticum and Becale studied. When tliese si>ecies were crossed 
with Haynaldia, whicli has tufted trichomes on its lemma keels, the Fi hybrids 
liad nontufted trichomes or superasperites on their lemma keels. These super- 
asperites were usually fewer, thicker, and shorter than the tuft bristles on 
the lemma keels of Haynaldia (pis. 5, 9, 10, 11, 12; 14). 

4r). At the base and on the exterior side of the splkelets of tl)e various species 
and hybrids are short bristles varying in length from 0.2 to 5 mm. Triticum 
aegilopoidea, T, timopheevi, T. dicoccoides, T. dicoccum, T. durum, T, polonicum, 
and T. turgidum have basal bristles considerably longer than those of Haynaldia 
villosa. When these species were crossed with the latter, the Fi hybrids had 
basal bristles intermediate in length between those of the parents. Becale fragile, 
with basal bristles 0.2 mm long, produced Fi hybrids with basal bristles 0.35 mm 
long. Plate 6 shows the basal bristles of the parents and F» hybrid of the 
cross T, dicoccoides X H, villosa. 

46. In general, the number of bristles at the base and on the exterior side 
of the raehis of the Fi hybrids is intermediate between those of the parents, 
but tends toward the condition in the Triticum or Becale parent (pis. 6, 7). 

47. At the base of the spikelet on the side facing the rachls the various 
species and Fi hybrids possess short bristles varying in length from 0.2 to 1.5 
mm. Triticum aegilopoidcs, T. dicoccum, and T. turgidum, with bristles 
0.3 mm long, produced Fi hybrids with bristles equal in length to those of the 
Triticum parent. T. durum, T. polonicum, and Becale fragile, with basal bristles 
equal to or longer than those of Haynaldia, when crossed with the latter gave Fi 
hybrids with bristles longer than those of either parent. T. timopheevi and 
T, dioocooides, witli basal bristles much longer than those of Haynaldia, when 
crossed with the latter gave Fi hybrids with basal bristles intermediate in 
length between those of the parents. Plate 7 shows the basal bristles of the 
parents and Fi hybrid of the cross JT. dicoccoides X H, villosa, 

48. In general, the number of bristles at tbe base on the side of the splkelets 
facing the raehis of the Fi hybrids is intermediate between those of the parents 
but tends toward the condition in the Triticum or Becale parent (pis. 6, 7). 

49. The Fi hybrids of the crosses Triticum aegilopoides, T, timopheeni, and 
Becale fragile with Haynaldia villosa had lodicules intermediate in width 
between those of the parents. Fi hybrids of tlie crosses T, dicoccum and T* 
durum with H, villosa had lodicules greater in width than those of the parents. 
The croas T. polonicum X S. viUoea produced Fi hybrids with lodicules as wide 
as those of the T, polonicum parent. In the cross T, turgidum X H, 

the Fi lodicule width was as great as that of the Haynaldia parent. The Fi 
hybrids of tbe cross T, dioocooides X H, vUlosa had lodicules similar In width 
to those of the parent (pi. 13). . - « 

6a The length of the lodicules of the various species of TrUimm, Beoaic 
fragUe, Haynaldia vUUosa, and their hybrids varies. Hybrids of the crosses 
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T. aeffUopoidea, T. timopheevi, T. moccomea, T. durum, and T, turpmurn with 
Hapnuld^ villma jproduced lodicules intermediate in iemrth between tboee of 
the parents* Fi hybrids of T. polowfcum X JET. uiUoau produced lodicules longer 
than those of the parents. Fj hybrids of T, dicoooum X M, villom had lodicules 
as long as those of Ba/ynaldin, the longer parent. The Fi hybrids of 8, fragile X 
JJ*. uUloaa had lodicules as long as those of the Secale or longer parent (pL 18). 

51. The length of the hairs on the lodicules is variable. Short hairs are 
present on both the exterior surface and edges of the lodicules of the Tritioum 
species. Seoale fragile has long hairs confined mostly to the edges of the lodi- 
cules, and Haynaldia vUloaa has lodicules with only a few very short hairs on 
the ^ges or none at all. The species of Tritioum and Secale used in the 
crosses had hairs with a maximum length of 1.85 mm on their lodicules^ while 
H. villosa had lodicule lialrs with a maximum length of 0.06 mm. With the 
exception of the. Pi hybrids from the crosses T. aogUopoidea and T, dioooooidea 
with if. villoaa, all the crosses produced Fi hybrids with lodicule hairs interme- 
diate in length between those of the parents. The two exceptions produced Fi 
hybrids with lodKnile hairs longer than those of the Triticum or longer parent 
(pl. 18). 

52. Triticum aegilopoidea has paleas tliat are split laterally through the 
center. All ot the other species of Triticum, Secalc fragile, and HaynalMa 
villosa have entli*e paleas. AVhen T. aegilopoidea, with split paleas, was crossed 
with H, villoaa, the Fi hybrids produced entire paleas. 

The only Fi hybrid involved in the experiments herein reported 
that produced seed was that from the cross Tritioum turgidum var. 
Alaska X Hcayncddia vUloaa. The kernels of this Fi hybrid are 
longer than those of either parent and somewhat intermediate in 
width. The kernels of the Fg plants are similar in size to those of 
the Fi plants. Plate 2 shows characteristic kernels of the parents and 
of the Fi and F 2 . 

With the exception of the cross Triticum turgidum var. Alaska X 
Hayncddia vUloaa,^ no material is available for study beyond the Fi 
generation, owing to self -sterility. However, the variability in the 
expression of the characters of tne parents and their behavior in the 
Fi hybrids suggests different modes of inheritance. The following 
characters show a quantitative expression : Plant stature, leaf width, 
auricle length, auricle hair length, ligule length, width and length 
of spike, number of spikelets, width and len^h of spikelets, length 
of rachis intemodes, len^h and width of glumes, length of glume 
beak, length and width of lemma, awn length, length of tritohomes on 
glume and lemma keels, length of bristles at base of spikelet on 
exterior side and on side facing rachis, width and length of lodicule, 
and len^h of lodicule hairs. 

The characters that are extremely difficult or impossible to measure 
at the pre^nt time, but which, by insi^ection, also showed differences 
in expression of quantitative nature are as follows : Solidity of straw, 
anthocyanin in culm and leaf sheath, glaucousness of culm and leai 
sheaths, pubescence of culm nodes and glumes, scabrousness of leaf- 
blade margins, pubescence of leaves and leaf sheaths, glaucousness 
of glumes, fragility of rachis, shape of shoulder on glume, canalicu- 
lation of glumes, carination of glumes, black and purple pigmentation 
of the awns, and number of bristles at the base of fbe spikelet on 
exterior and interior sides. 

Other characters that suggest simple inheritance based on single* 
factor differences are pubescence of the peduncle, pubescence on the 
overlapping edge of leaf sheaths, branching of racnis, size of papil* 
lae on lemma and glume, arrangement of trichomes (tufting) on 
glume and lemma keels, and split palea. 
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SUMMARY 

Ilaynafdia villosa was crossed on Triticuvi aegilopoidesj 1\ tinio- 
pheevi^ T. dicoccoides^ T. dicoccum^ 1\ dwv/ni^ T. polonicvm^ T, imr- 
and Secede fragile^ and the Fi plants were matured. At- 
tempts also were made to cross villosa with T. vidgare^ T. cePni- 
pCLCtv/niy T, spelta^ S. cereale^ and S, cereole ancestrede^ but only an 
occasional enlarged structure, with neither embryo nor endosperm, 
was produced. However, one hybrid seed of the cross T. vulgare 
(C. I. 6223) X //. villosa germinated but the plant died before the 
Wmation of the third leaf. 

All the Fi plants except those of the cross THticvvi turgidvmv var. 
Alaska X liayncddia villosa were completely self-sterile: The Fj 
liybrids of this cross produced an average seed set of 3.8 percent, 
with a maximum of 11.1 percent for a single plant. The Fg plants 
l)i'odiiced an average seed set of 29.7 percent, with a maximum of 
58.8 percent for a single plant. The Fg plants produced an average 
seed set of 58.6 percent, with a maximum of 76.9 percent for a sin^e 
j)lant. No apparent segregation occurred in the Fo and subsequent 
generations, the„, Fi type remaining fixed in its morphological 
characters. 

In general, most of the F i hybrids resulting from the crossing of 
species and Seeale fmgde with Ilaynaldia villosa resembled 
the Tiiticum or Seeale parent, but a critical study of the morpho- 
logical characters possessed by the parents and the Fi hybrids indi- 
cates that the majority of the characters of the hybrids are interme- 
diate l>etween those of the parents. Some characters of the Fi 
plants show, however, a decided increase in degree of expression 
over those of either parent, while others show a dominance of the 
one or the other parent. 

More than 52 morphological characters of the parents and the F. 
hybrids of eight crosses were studied in detail. 
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A CYTOLOGICAL STUDY OP PUCCINIA MALVACEARUM 
PROM THE SPORIDIUM TO THE TELIOSPORE‘ 
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INTRODUCTION 


As knowledge of heterothallism in the rusts broadens and the im- 
portance of the spermogonium in reproduction is realized, the question 
arises as to how reproduction takes place in rusts that have no 
spermogonia. 

Hollyhock rust, Puccinia tnaltxieearum Bert., a microcyclic species 
without speraiogonia, was chosen for study. The rust is maintained 
by a succession of telial generations. Aecia, uredia, and spermogonia 
are imknown. An earlier paper (5)^ on this rust presents cytological 
details of the development of the teliospore, nuclear fusions within 
it, the germination of the spore, the reduction divisions, and the forma- 
tion of the sporidia. The present study begins with the sporidium 
and traces the infection of the host, mycelial growth, and the develop- 
ment of the telial sorus. 

The literature on Puccinia nudvacearum was reviewed in the former 
paper (5). A few additional notes are given here. 

Before the discovery of heterothalfism in rusts (18), in 1927, 
homothallism was taken for granted. On the assumption that the 
binucleate mycelium could anse directly within an isolated haploid 
mycelium, the main cytological interest m both long- and short-cycle 
rusts centered on the mode of transition to the binucleate condition. 
Several papers deal with this point in Pucdnia malvctcearum. 

Blackman and Fraser (15), m 1906, found that the transition from 
uninucleate to binucleate cells in Puccinia maivacearum took place at 
several points in the same sorus and suggested the possibility that 
two sister nuclei may become conjugate in a cell. They also state 
(IS, p, 4^) that — 


The smallness of the cells and nuclei, and the absence of any regular row or group 
of cells — such as are found in the aecidia — on which attention can be concentrated 
in the hunt for nuclear migrations or cell-fusions, render the task of elucidating 
such a point almost hopeless. 

Olive (S9), in 1911, noted that in some short-cycle ruste the binu- 
cleate mycelium arises at the base of the wrus and that in others it 
"arises at some indefinite point earlier in the life history in the 
vegetative mycelium.” Pucdnia malmcearum is listed in the first 
group. 
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Worth and Ludwigs (SS), in 1912, found that in the young sorus of 
Puednia medmeearum there is a definite layer of column-shape cells. 
These form pairs, each consisting of a smaller and a larger oel|, and 
the nucleus of the smaller cell passes through a small openu^ in the 
walls into the larger cell. They also note an occasioned, irregular 
binucleate cell in the tissue above. 

Moreau {S8), in 1914, also found a layer of club-shape c^ in the 
'■ young sorus. These fuse by pairs, the wall between the two dissolving 
first at the tip, then through a broader contact area. The two cells 
that fuse may be either equal or unequal. The fusion cell gives rise 
to a short hypha of binucleate cells, at the tip of which the teliospore 
forms. 

Lindfors {^6), in 1924, also working on Puednia malvacearum, saw 
fusions at an earlier stage, before the pseudoparenchyma of the sorus 
formed, and found that the cells that fuse may be equal or unequal. 
These earlier binucleate cells gfow and divide further before spore 
formation. 

As may be seen, these accounts of the origin of the binucleate cells 
in Puednia malvacearum contradict each other on nearly every point. 

Since the discovery of heterothallism in rusts, it still has been 
assumed that a microcyclic species without spermogonia would be 
without means of crossing and so must be homothallic. Jackson 
in 1931, and Buller (17, p. Z86), in 1931, cite Puednia malvacearum 
as probably homothallic, and Ashworth (IS), in 1931, presents experi- 
ments in support of homothallism. 

MATERIAL AND METHODS 

Potted mallow (Malva sp.) plants were used for inoculation. Some 
were grown and inoculated in the greenhouse; others out of doors on 
a third-floor balcony. In inoculation, a glass cylinder 4 inches in 
diameter and 8 or 10 inches high, lined with wet paper toweling, was 
set down over the plant with the lower edge pressed into the soil. 
A pad of wet paper was placed in a Petri dish and an infected leaf of 
hollyhock (AJUhaea rosea (L.) Cav.) or mallow was placed on it and 
secured in position by rubber bands. This was inverted and placed 
on the top of the cylmder as a lid. A layer of wet paper was folded 
down about the top, covered with cellophane, and fastened in place 
by a rubber baud. This placed the germinating spores directly over 
the mallow plant in a small damp chamber. The plant was then 
heavily watered and placed in diffuse light for 48 hours; then the 
cylinder was removed and the plant was placed in stronger light. 
Attempts were made to keep the plants free of insects. 

Material was fixed daily up to 12 days after inoculation and at 
longer intervals from then until 25 days after inoculation. Several 
fixing solutions were tried, but Flemming’s medium and weak solu- 


- EXPLANATORV LEGEND POE PLATE 1 

A, B, a— Maturo biimdeate sporidia 1 day after inooulatiozi was aet up. X 1»400. 

X>, .S.'-Garmlnatlas sporidia, 1 day after tnooalation was set up. *X 1,400. 

‘ F, G.-^Sporidia op iesl» eaqh with germ tubs, a, 1 day after inoculatiou was set up. . x 1,400. 

H. — Cytoplasm from sporidlum, a Jlowlag into host cell at b: I-day infection. X 1,^. 

I. ^Qerminatingsporiditt'n at a. Beginning of primary hypha at b. One-day infection. X 1,400. 

J. — Unic^i^ar, binuefeate primary hypha, o, from l-ctoy infection. X 1,400. 

JT.— Young primary hypha, Sj ih guard cell of stoma; l-day infection. X 1,400. 

B. — Bpotioium; b. has entered guard cell at c. Sporidium. a, has entered stomatal aperture. Sporidium, 
a, fsnatuHd, and palisade cell, «, ere deed. Three-day infection. X 1,400. 
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tions proved the best. The fixed ma^al was washed, dehydrated, 
and embedded in paraffin. The principal stain used was iron haema- 
toxyUn oounterstained with Congo red. 

In the search for conidia, both potted material and separate leaves 
of mallow and hoUyhock were placed in damp chambers. Material 
was removed at different times during the day and night; part of it 
was fixed, and the rest was used in making freehand sections. 

EXPERIMENTAL RESULTS 

ENTRANCE AND VEGETATIVE GROWTH 

During the first 24 hours after an inoculation is set up, the telio- 
spores germinate and produce the sporidia, which fall upon the leaves 
of the host plant, germinate there, and enter the epidermtd cells of the 
leaf. 

The single nucleus of the immature sporidium of Puednia maiva- 
cearum divides once (5) as the spore matures. Sporidia that have 
been discharged from the promycelium and are foimd lying on the 
host leaf are regularly binucleate (pi. 1, A, B, C)* The spore is 
originally lemon-ehape (C) but quickly flattens down against the 
^idermis (A, B) and pushes out a germ tube at one side {JD; F, a; 
O, a). This germ tube usually is short, but occasionally {E; L, d) 
exceeds the diameter of the spore in length. 

The tip of the germ tube penetrates the outer wall of the epidermal 
cell directly (pi. 1, H) and enters the host cell. In H the cytoplasm 
is flowing through the germ tube into the host cell (H, h), leaving the 
sporidium (a) somewhat vacuolated. In I, there are 2 spores, 1 of 
which (a) has germinated but not ^tered, while the other (with spore 
wall missing) has formed a sack-shape mass (b) inside the epidermal 
cell. Then the two sporidial nuclei move in (J, a), conmleting the 
transfer of the sporidia! protoplast to the epidermal cell. The empty, 
collapsed sporidial wall (pi. 2, A, a; B, a; V, a; D, a) is often found at 
the pomt of entrance. 

Ordinarily, the sporidium germ tube enters the epidermal cell on 
wUch the sporidium lies. This small thin-waUed, short-lived ceU 
with watery content and the minimum of food is incapable of produc- 
ing a germ tube long enough to grow to a stoma. Even when, by 
chance, the sporidium falhiiupon a stoma, it may enter the guard cell 
instead of growing in through the stomatal aperture. In plate 1, K, 
which shows a diagonal section through a stoma, a portion of a badly 
cramped primary nypha is seen in the little guard cell at o. Perhaps 
when the sporiffium landed the stoma was closed. Rarely, the ger- 
minating sporidium does enter the stomatal aperture. L shows two 

< With the exception of plate 6, A and J8, drawings are oriented in the plates as the tones drawn were 
oriented in the leaf, i. e., the part drawn that was nearest the upper epidermis of the leaf becomes the upper 
edge of the drawing. 


EXPLANATORY LEGEND FOR PLATE 2 

.4,— At c, empty sporidial wall; b, enucleate and, c, binucleate cells of primary hypha of 1-day infection. 

B*.— A’imary hypha with empty sporidial wall at «, and septum at b dividing formw binucleate oeU into 
two uninucleate cells which have produced the branches, c, i; 2-day infection. X 1,41W. « ^ ^ 

C. — Pour-cell primary hypha with sporidial wall at o, and branches in palisade cells at 6 and q 2-day 
infection. X 

D. — Primary hypha, b, e, with sporidial wall at a, and branches in palisade cells at d and e; 3-day infec- 
tiem. X 1,400. 

K-^Older primary hyt)ba feom 5-day Infection. X 1*400. 
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sporidia (diat feU .upon tiio same stoma; the germ tu}>e of one (6) 
altered the euard cdH at e, while that of the other (a) grew in through 
the stomatm aperture. The venture was not a success. The stoma 
closed, {inching the germ tube. The sporidium (a), the germ tube 
(d), and even the palisade cell (e), which was in contact i^th the germ 
tube, have died.. 

The fun^s newly entered in an epidermal cell (u1. 1, J, a) is uni- 
cellular and binudeate. It mws rapic^ into a multicellular primary 
hypha. The first septum (pi. 2, .d) mvides the fungus into two nearly 
equal cells, the one nearest the point of entry (o) being without a 
nucleus, the other (c) being binudeate. ^ 

During the second day after inoculation, the primary hypha grows 
apically, becoming curled up in the epidem^ cdl. A second septum 
(pi. 2, B, b) soon cuts the binudeate cell into uninucleate cells, the 
terminal one of which continues the j^wth and divides again. 
O diows a 4-ceU primary hypha. Earfy in this development the 
primary hypha branches. In B branches from the second and third 
cells (c, a) have grown down to the inner epidermal woll, and in 
G^. b, e, the two branches have grown on into palisade cells, each taking 
with it the nucleus of the cell from which it grew. In D (from 3-day 
material) the primary hypha (6, c) has given nee to at least 4 branches, 
2 of which have formed large, 2-cell hyphae (d, e) in palisade cells. 
Here the nuclear behavior seems to have been different from that 
shown in C, for each cell of the primary hypha still possesses a nucleus, 
except, of course, the first cell (D, b), wmch is now much shrunken. 

mien the epidermal cell containing a primary hypha is large, the 
prima^ hypha may continue to grow, in plato 2, E (from a 5-day 
mfection), the richly branched primary hypha is made up of 7 or 8 
cells. Sooner or later, however, the primary hypha deteriorates. 
It can rarely be identified with cert^ty after the ninl^ day. 

Ciontrary to what is usuaUy seen in rusts, the mycelium of Pueeinia 
mtdvaceanm is not strictly intercellular. Hypnae grow into and 
through the host cells with comparative freedom, in plate 3, A, 
a braifch from^ a primary hypha entered a pahsade cell at a, formed 
there a branching hypha of eight cells, from which at b and d branches 

f iassed into other palisade ce^, while at c a branch grew out into a 
aige intercellular space and branched rapidly there. Intracellular 
mycelium is coarser than intercellular mycelium; its cells have about 
twice the diameter of the intercellular growth. Intracellular growth 
permeating several palisade cells is shown in B. One branch from a 
primary hypha at a formed a slender intercellular hypha (a, d), from 
which at c a branch grow through one palisade cell into a second at b. 
A dozen or more palisade cells may be invaded in this fashion by 
branches from a single primary h 3 qma. In plate 3, 0, D, and plate 
4, A, are shown further examples of the coarse, branching, intra- 
cellular hyphae in palisade cells. ^ 

This intracellular habit is not limited to the early mycelial develop- 
ment. In plate 4, B, is shown a much-curved branching hypha of 

EXPLXNATOBV I/SOSKD FOR PLATE 3 

A btancli from a primary hypha at a mu rlw to an intraodlutor hypha in a palisade cell with 
branches to other pallsaae at b and 4, and a branoli to Interoellular spaoes at c; from ft-day infection. 
X 1,400. 

B.>^lnterce&tdar myoelinm at o, 4, and at e, and intraoellnlar hypha, 6, q 3-day infeotton. X 1,400. 

C, !>.— XntraoeUufer hyphae in i^isade cells from 6^ay infection. X 1,^* 
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5 or 6 cells in a spongy mes^hy^U cell, and in Oa bruiching hypha in a 
large bundle-sheath cell. Snular hyphae often are found in the aaUb 
of fhe lower^^ideimis. These intracellular hyphae doubtless serve 
as haustoria in extracting food for the fungus, but they are more 
haustoria, for they frequently grow through a host cell and out into 
intercellular maces again. Their effect upon the host c^, too, is 
more severe thui that of ordinary haustoria; invaded cells may die 
sooner. 

Some intercellular growtii is formd between palisade cells near the 
point of entrance (pi. 3, A, e; B, d, e). From here the hyphae spread 
downward. Plate 4, E, shows a rictoly branching group of mter- 
cellular hyphae radiating out into the mesophyll area and entering 
freely the host cells encountered on the way. 

When a sporidium by chance lands on a leaf over a la^ vein, it 
enters and develops there. Prevented by the vein from di^t down- 
ward growth, the mycelium spreads in the tissue between the vein 
and the upper surface. Such infections show exceptional intracellular 
growth in the upper epidermis. Plate 4, D, represents a bit of such 
epidermal mycelium drawn horn a freehand tangential section of 
living materud. 

So far as noted, this mycelium, whether intercellular or intra- 
cellular, is haploid in character. A terminal cell about to divide may 
be momentarily binucleate, but in general the cells are uninucleate. 

NUCLEAR DIVISION AND NUCLEAR LOCOMOTION 

a h 3 q)ha grows apicaUy, the ter min al cell dongates, its nucleus 
divides^nd || septum divides this binucleate cell into two uninucl^te 
cells. Division figures of v^etative nuclei are minute. The little 
that has been learned about mitosis is recorded here: 

Plate 5, A, a, shows a resting nucleus. It is spherical or ellipsoidal 
and contains a large central spherical body. It is not certain whether 
the latter corresponds to the nucleole of higher plants or whether it 
include chromatin. In addition, a delicately stained network can 
sometimes be seen spreading through the nuclear cavity. In b is 
shown what may be a pro^ase of division. As no detail can be 
made out in the irregular, dark-stained little mass, no certain identi- 
fication of the stage is postible. In c, is shown what probably is an 
equatorial plate. The figilra is too small to permit a coimt of the 
chromosomes. In reproouctive areas of this rust (5), where division 
figures are larger, a coimt shows that the number is ±5. In d is 
shown an anaphase. Part of the chromosomes have divided and 
passed to tiie poles; thelrest are stiU near the equator. In «, the 
chromatin is aU at the poles and the two daughter nuclei are con- 
nected by a slender strand, which is perhaps the '‘central spindle.” 
In f and g the two small daughter nuclei move toward each other, 
perhaps drawn together by the contraction of the connecting strand. 
No details of septum formation between the two nuclei have been 
seen. 


EXPLANATORY LEOEND FOR PLATE 4 

.A.— IntraoellalMr byjdis In paltade odl (tom Way InfectUm. X 1.400. 

” ■ ^ * '-7 InhoUon. XL400. 

jiftction. X 1,^ ...... . 

__ „ epidermis from 7<lay Infection located over a vein 

X4ao. ' “ " 

X.—Intercellu}aT mycelium from O^ytafeaiod. X 1.400. 
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As soon as division is comideted, each of the daughter nuclei moves 
toward the cent^ of its own cell. When a hypha Inanches, a nucleus 
moves out idto the branch. When an intracellular hypha forms, a 
nucleus moves into the hypha through the narrow opening in the 
host odl waQ. An older theory assumed that, in this translocation of 
fungus nudm incidental to v^tative growth, the streaming of the 
c]rtoplasm carried the nuclei mong passively. A study of nuclei in 
actively growing areas throws doubt on this assmnption. Moreover, 
during diploidization fui^s nuclei can migrate throujgh hyphae for 
considerable distances, fiy no stretch of the iihagination can this be 
thought of as brought about by cytoplasmic streaming. It must be 
conceded that nuclei possess some form of locomotion. 

Nuclear locomotion has been studied in the actively growing tips 
of hyphae of young haploid vegetative mycelium. Even a casual 
survey shows mat nuclei here vary greatly in shape. Drawings were 
made representing the full range of variation. A study of these 
drawings shows that they can be arranged in a sequence that is at 
least suggestive of the mode of locomotion of the fungus nucleus..^ In 
order to make a beginning at understanding nuclear locomotion, the 
following tentative mterpretation is offered. 

Plato 5, Bj a to Ar, shows a representative series of nuclear shapes. 
The arrows indicate the direction of growth of the hypha, i. e., the 
growing tip of each hypha is at the left of the part drawn. A nucleus 
in repose (a) is spherical or ellipsoidal and is sunounded by undis- 
turbed cytoplasm. Conspicuous witliin the nucleus is a central 
spherical body, which, as noted earlier, may be just a nucleole or 
may include chromatin. In b the nucleole has pushed out a slender 
rod in the direction of the apex of the hypha. This rod stretches the 
nuclear membrane into a short beak. In c, the beak has elongated 
to a fine tapering hair several times as long as the body of the nucleus. 
The length of tms beak determines the length of the forward stride of 
the nucteus. In d and e, material appears to be flowing out from the 
body of the nucleus into the fine beak. At this stage, toe b^k is apt 
to be uneven in diameter, slender in some parts and bulging in others. 
At/, the point of origin of a branch hypha, a nucleus evidently has 
divided and a septum has formed between the two daughter nuclei. 
The distal daughter nucleus is now moving on toward toe apex of the 
parent hypha, while the proximal daughter nucleus is moving out 
mto toe branch. In g and h, the evacuation of toe old nuclear posi- 
tion is completed, toe space being occupied by a rapidly collapsing 
vacuole, while toe elongated rod of nuclear material is contracting 
into a more compact mass in toe new location. It may be that % and j 
are later stagey in this contraction, while k represents the recon- 
structed nucleus. 


EXPLANATOBY LEGEND FOB PLATE 8 

a to in mitosis in Tentative hypliae from 6-day infection. X 2,200. 

B. —Nuclear shapes, a to found In rapidly growing vegetative hyphae, arranged in a sequence which 

suggests mode of nucdear locomotion; from 6-aay infection. X 2,200. 

C. — Stomatal hypha, a. 6, in upper epidermis of 7-day infection. X 1>400. 

D. -’Detail of lower epidermis of 7-day infection with anastomosis, a, and stomatal hypha, b. X 1,020. 
£.-«Hypl^ with oonidia in stoma of upper epidermis of 8-day inaction. X 1,020. 

Longitudinal section of stoma with dstadied conidium at a, and young conidla on stomatal hyphae 
at b and c; 6-day infection. X 1,100. 

d.— H^hae in stoma of upper epidermis of 8-day infection with conidium at a. X 1,400. 

H.'-uyphae in stoma of lower epidermis with conidium at a; 8-day infection . X 1,400. 
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If the nuclear forms shown in plate 5, B, a, b, and c, had been the 
only ones found, it would have b^n assumed that the long bl»k in e 
seived as a vdiiplash and that the nucleus swam ahead by BOTnuthifig 
akin to ciliary motion. Such a hypothesis, however, takes no account 
of the other nuclear forms. 

These various forms of the nucleus are encountered frequently, 
the majority being represented in every section of an infection. A 
count of 100 nuclei in the growing tips of h]^hae of a 6-day infection 
and a similu' count of 100 nuclei in a 7-day mfection gave the results 
shown in table 1. Nuclei in any stage of mitosis were excluded from 
the count. 

Table 1 . — Number of nuclei al each stage of nuclear locomotion among nuclei found 
in lips of hyphae 100 nudei each from a B-day and a 7-day infection of Pueeinia 
malvacearum 



As will be seen, even in rapidly growing hyphae, about half of the 
nuclei are in repose, while the rest present one or another of the ap- 
pearances here interpreted as some stage of locomotion. The stage 
shown in plate 5, S, c, is probably more abmidant than the tabulated 
numbers indicate. The long slender beak is easily overlooked and if 
faintly stained is invisible. 

Early workers in rusts saw nuclear figures corresponding to those 
shown in plate 5, J5, d, 6, and h, and formulated on them the now ob- 
solete theory of amitosis of vegetative fungus nuclei. It is a real 
question, however, whether any of these nuclear figures may be stages 
of mitosis. A, 6, supposedly a prophase of division, and B, j, sup- 
posedly a sta^e of nuclear condensation after a forward stride, are 
markedly similar. There is much loss risk of mistaking any other 
stage of mitosis for a stage of nuclear locomotion. 

SURFACE HYPHAE 

Early in the development of vegetative mycelia, hyphae grow to 
both the upper and the lower surface of the leaf. Hyphae grow into 
stomatal apertures, grow out‘ through epidermal cells and, more rarely, 
force a passageway out between epidermal cells. 

Almost every infection 1 week old has formed stomatal hyph^* 
Plate 5, (7, represents such a hypha emerging through a stoma in the 


EXPLANATORY LEGEND FOR PLATE 6 

.1.— Multiuuctoate hyplia, a, in stoma otlowar epidermis; 8^y tateciion. X 

B. — Hypha reaching sorifaoe between cells of upper epidermis of 

C. — Hyphae, o. c, 4. growing through oeUs of upper epidermis to the surfhoe; c and 4 bearing coni- 

dia; germinating oonldltim at b; 7-day infection. X 1,400. , . ^ ^ ^ 

B. — C3^idium at a and growtitt in epiderm^ cell at b, connecting with intraoeltolar hyphae, 8-day Infec- 

JB.— INini-day infection. IxKtse aggregation ot hyphae at u. Both the mycelium end the boat cells 
invaded by it are dead. X230. 

87375—36 4 ^ 
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tt^per «p^emi» of the leaf, and D, b, shows an occupied stoma of the 
low^ epidMmis. The tips of both of these hjrphae are dead. Ex- 
posed parts of stomatal hj^ae are short-lived, for the closing of the 
stoma pinches the hypha. The hjrpha can, however, continue to grow 
out from its base. 

Perhaps successive pinchings m the stoma opens and closes have 
given these stomatal hyphae their moniliform appearance. Another 
possibility is that these emergent h3T)hae are cutting off successive 
cells in some hitherto UMusp^ted formation of comdia. Plate 5, 
E, F, Q, H, from 8-day infections, also su^ests conidial formation. 
In E, several hyphae have grown up through the aperture, forcing the 
stoma wide open. Each bears a terminal knob, or a chain of small 
rounded cells. In F, which shows a longitudinal section of a stoma, 
the stomatal hyphae have pushed out stubby little branches, two of 
which, b, e, suggest the formation of conidia. Behind one of these 
hyphae, at a, is a small disconnected ovoid spore. 0, at a, again 
suggests the formation of little ovoid conidia. They vary somewhat 
in size but are about half the diameter of the sporidia of the rust. 
In showing an oblique section through a stoma of the lower epi- 
dermis, there are several stomatal hvph^ and, at o, a spore. 

In plate 6, A, from the lower epidermis, the outgrowing hypha, a, 
evidently encountered a shut stoma, continued to grow and spread 
out on the iimer face of the stoma, then, when the stoma opened, 
started to grow down through it. This hypha contains several nuclei. 
A search was made for free conidia on the surface of the leaf. Only 
a few have been foimd but, of course, in fixed material loose cells 
wash off. 

Rarely a mycelial hypha of Pucemia malvacearum reaches the sur- 
face of the leaf by growing out between ordinary epiderm^ cells. 
Plate 6, B, shows such a hypha. 

Because of the exceptional ability of Puednia malvacearunt to grow 
intrarellularly, the hyphae also reach the surface of the host by 
growit^ out through epidermal cells ^1. 6, C). At a, a hypha has 
grown up to the outer wall of the epidermal cell, and at c and d, a 
branching hypha has broken through to the surface. Its shape sug- 
gests the formation of conidia. At b, is what appears to be a small 
germinating conidium that has enterc^ the host ceil. D is more diffi- 
cult to interpret. At a is an empty little cell bn the leaf surface, at 6 
a small growth inside the host cell in contact with larger hyphae. 
No connection could be traced between a and b. 

So far as known, Puednia malvaeearufn produces no spermogonia. 
The fin d i ngs record^ above suggest the interestiag possibility, how- 
ever, that this upt^es is developmg an accessory spore form, by pro- 
ducing little comdia on the scattered hyph^ that grow to the sunace 
of ffie leaf. If what has been seen so far is representative, compara- 
tively few such conidia are formed. There is always the wssibility, 
however, that at a certain age of the fungus, or at a particular time 
of day or night, or under optimum weather conffitions, conidia would 
be more fredy. 

^ Knowing that in some species conidia are formed only duiing the 
m^tCSS), material from plwts growing out of doors ana from leaves 
piBced in a damp chamber indoors was fixed at intervids during -the 
nig^k .Part of tins material was used for freehand sections, aw the 
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rest was ^bedded in paraffin and sectioned. Only an occasional hint 
of spore formation has been found. Data up to the present give litde 
encouragment to the idea that conidia ure ever formed in abundance. 

OBIOm OF BINUCLEATB CEIXS AND FORMATION OF THE SOROS 

. *1 

Under the conditions of these experiments, the growing haploid 
mycelium reaches the lower epidermra of the leaf sometime between 
the fifth and the seventh days. By the seventh day ^e infections 
show a marked difference in development. In some the mycelium is 
spreading vigorously, the marginal n 3 rphae are healthy, and the sorus 
is beginning to form just above the lower epidermis. In others the 
infection is small, the mycelium scanty, the marginal hyphae and the 
host cells invaded by them are dying, and there is no young sorus. 
This difference in deyelopihent can nardly be explained as due to 
differences in age or vigor of the host leaf or to varying environmental 
conditions, for within a millimeter of one of these dy^ infections in 
a leaf may be a vigorous mycelium making rapid progress toward 
spore formation. On the eighth day the difference is more pronounced 
and by the ninth day after inoculation some infections are dead and 
others close by are growing rapidly and developing young teliospores. 
Plate 6, E, shows a dead 9^ay infection. The fimgus had formed a 
loose aggregation of hyphae at a, the place for a sorus, but it failed to 
shape up for spore formation, and now the hyphae are dead and 
shrunken. Soon after this, the mycelium disappears and the dead 
host cells appear clear and empty. 

A detailed study was made of twenty 8-day infections from a 
rather heavily infected leaf. Of these, 16 were growing vigorously 
and 4 were dying. A section-by-section study snows that the four 
small dying infections are monosporidial in origin. Only one primary 
hypha can be found in the upper epidermis adjoining each infection. 
Moreover, these four are still haploid; their cells are uninucleate. _ Of 
the 16 vigorous infections, 14 have 2 or more primary hyphae fairly 
close together, so tiiat the mycelia developing from them are fully 
confluent and app^r macroscopically as 1 infection, and 2 are obvi- 
ously double, consisting of 2 tangent infections with only the marginal 
hyphae interlacing. All of the 16 infections have young sori. In 
the case of tangent doubles, the sorus is apt to be started between the 
two infections. If &e two infections are so far apart that their 
mycelia do not meet until after several days’ growth, the sorus is 
correspondingly delayed in starting. 

The attempt to make a similar study in 9-day material ■was only 
partly successful. The proportion of living and dead mycelia is ateut 
the same. In some cases it is still possible to prove the multispond^ 
origin of the living infections, although primary hyphae have luually 
deteriorated somewhat by the ninth day; it is, however, no longer 
possiUe to identify the primary hypha in the dead infMtions. 

In tbja eimeriment the monosporidial infections remamed small aim 
haploid, fid^ to initiate a sorus, and soon died. It k not provw, 
of course^ that undw no circumstances would an isolated monospond- 
ial infection devdop further. ^ ... . i 

- A doser examination of the young multisporidial infection diowB 
that anastonioses take place between hyphae, both in the ve^tatite 
mycelium and at the focation for the sorus, and that nucltt nww^e 
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tlimugb from one, hjpba to anothw. Plate S, D, a, and fdate 7, 
B, E, F, from 7*day infections, show connectioim between 
Tegntatiye hyphae. In idate 5, D, at a, 2 h 3 rphae growing in opposite 
. di^laons came close to each other and formed a connecting passage- 
way, giviiK rise to an H-shape figure. In plate 7, A, 2 passageways, 
at a mid o, formed between parallei hyphae, and a nucleus at a is 
passing over from one hypha to the ower. That this is a case of 
anastomosis and not ordinary branching is seen by comparison with 
B, in which a branch is forming and a nucleus is passing out into the 
branch. In the one figure there are 4 ends; in the other, 3. In C 
the hypha a grew up to and flattened against the h 3 rpha 6; an open 
passageway formed, and a nucleus' is passing through from b to a. 
In D also, two hyphae are tangent and a numeus is passing through 
from one to the other. In E two hyphae, a and o, were growing 
parallel in the same direction when a third h:^ha, c, grew in and made 
successive connections with both a and b. In F two hyphae became 
closely apidied to each other. At a, in one hypha, b a vacuole; at b, 
in the other hypha, are 2 nuclei. A nucleus may have moved from 
atob. 

Plate 7, 0, H, /, «7, from older infections, also shows fusions in 
vegetative h]^hae. Two infections started growth so far apart that 
they did not meet until Uiey were 8 da 3 rs old. Neither infection had 
initiated a sorus. At 8 days of age a few maiginal hyphae of one made 
contact with mar^al hj^ihae of the other. Neariy every one of these 
contacts resulted in a fusion. G is typical of these fusions. The 
tips of these hyphae met and fused, and the nucleus of one hypha 
passed over into the other hypha. H, from another 8-day prepara- 
tion, shows an unusual configuration, in which apparently the whple 
growing .tip of one h 3 rpha fused with another. In I the two hyphae 
were growing in opposite directions when they met, and there is an 
aggregation of nuclei near tbe passageway. In J the hypha a has 
contributed its nucleus to b. 

In infections showing these anastomoses and nuclear transfers, 
binudeate cells' are soon found. No general diploidization of the 
mycelium takes place. Marginal h 3 rphae, if they are not in actual 
contact with another mycelium, remain haploid. In the central 
area, however, cells with more than one nucleus become fairly com- 
mon. Frequent %ures, such as plate 7, K (more highly magnified 
than those preceding), showing nuclear locomotion, and f^res such 
as X, a; M, a; N, a, m which omy 1 of the 2 nuclei in a cell is dividing, 
suggest that the transferred nuclei and their progeny may become 
distiibuted along a hypha by successive divisions and migrations. 


EXPLANATORY LEOBND FOB PLATE 7 

.ril.->TwohyphaeaQastoinopBda<;aan<16. Nuelaus passing through at tf. Be veu'day infection. X 1,020. 

B. '-Brandiing of hypha, from 7-day infection. X 1,020. 

C. —Anastomosis of hyphae, a and 6, with nucleus passing through; 7-day infection. X 1,020. 

Anastomosis with nucleus passing tbroujBh; 7-day initetion. X 1,020. 

Two parallel hyphae, a and 6, with tmrd hypha, c, anastomosing with both; 7-day infsction. 

^A^Anastomosis of two hyphae, with vacuole at a, and two nuclei at 6, from 7-day infection. X 1,020. 
Of.^AnastomosiB between tips of hyphae and transfer of miofeus; g^lay infiBctlon. X 1,020. 
//.^lAteral union of two hyphae; O^ay Infection. X 1,020. 

/.—Anastomosis with aggretttion of nuclei; 8-day infscto. X 1,020. 

./fr-Anastomoils with transisr of nucleus £roin a to ft hotn 12-day infsction. X 1,020. 

IT.— Migrating nu^s from 7-day Infsction . X 2.^. 

Nucleate cell with only one nudeus, a, diTidiw hom 7-day iplsctiou. X 2,200. 

A/.— One of two nuclei of a oallat c dividing; from T^y infection. X 
of two nuclei at a dividing; from 8-day infection. X l;020. 
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Hate 8, A, represents semidiagrammatically a typical 8-day multi- 
gporidial infection. The mycelium first invaded a number of pfdisade 
cells at a imd then grew downward. There is very little lateralspread ; 
the mycelium remains strictly localized. The young sorus is tjiiring 
shape at b. The hjrahae nearest the lower epidermis, at c, will become 
the buffer cells ana are already somewhat impoverished. As a result 
of eariier mycelial fusions, some of the hyphae are already diploid 
when they enter the sporogenous layer. B and C show enlarged 
details in which many of the cells contain more than one nucleus, 
B, a, shows the mycehum above the sporogenous area; b, the sporoge- 
nous area; c, the buffer cells; and d, the lower epidermis. 

Other hyphae haploid when they reach the sporogenous layer 
and fuse there. Plate 8, J5 to /, shows details of fusions in the sporoge- 
nous area from 8-day infections. In D, two hyphae grew down into 
the sporogenous layer, and their tips met and' flattened against each 
other. In E, the wall between the two is dissolved. In F, two 
hyphae, a and b, grew down, met, and joined, and the fusion cell 
grew on to c. Figures such as this are common. Sometimes the 
fusions are more irregular. In G, apparently 3 cells, a, b, and c, 
fused; the combination possesses 4 nuclei. Two hyphae, a and e, 
fused and grew on downward. Whether f represents a ceU being 
cut off or a further fusion is not clear. In U, the hyphae a and b 
were diploid before reaching the sporogenous layer, but b, none the 
less, has been joined by a third h3T)ha, c. In I, the connections and 
fusions are so complicated that several nuclei occur witliin the limits 
of the fusion cell. Multinucleate cells in the sporogenous area are 
not rare; J represents an extreme example. 

In 9-day intections (if fusions have not been delayed by too great 
a distance between the component infections) the sorus is larger 
and young teliospores are forming. Hyphae resulting from eariier 
mycelial fusions (pi. 9, A) can form spores directly. In C the one 
terminal cell of the main hypha, b, will become one spore, while a 
side branch, a, will later give rise to another. 

Fusion cells (pi. 8, F), so abundant in 8-day material, have con- 
tinued to grow, giving rise to cells such as that shown in plate 9, 
B. At this stage it still is occasionally possible to trace the early 
history. The two hyphae of plate 9, B, a and b, fused at c and the 
fusion cell grew on to d. ¥sually the fusion cell contains two nuclei, 
but in^gularities are common. Here (B) there are two full-grown 
nuclei phis a pair of small, newly divided nuclei. In D appearances 
suggest that two hyphae, o and 6, met, fused, and then, by adjusted 
divisions and growth, gave rise to two hyphae, c and d, both com- 
posed of binudeate c^. 

Soon after this stage the part of the sorus above the spores becomes 
a dense pseudoparenchyma (pi. 9, F^, and it is seldom possible to 

y _____ — 

EXPLANATORY LEGEND FOR PLATE 8 


A . — Diagram of 8-day fertile Infeotioa showing invaded palisade cells at sporogenous area at 6, and 
if.— Detail^of 8-day fertile infection showing central mycelium, o; sporogenous area, h; buflfer cells, c; and 
^ Vday 'tertUe Infection showing cells with more than one nucleus in and above the spo- 

D to /.— Deta^ from sporogenous area of 8-day infections. .A Two hyii to u ^tl^at tips^d a^^ 
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trace the origia of the sporerbearing cells in this mass of tightly 
interwoven hyphae. E ^ows a detail from a 12-day sorus. As 
new spores continue to form for some time, several stages of spore 
development can be fotmd side by side. The appearance of a small 
15-day op^ sorus is shown semidiagrammaticwy in F. 

Cytologieal details of the development of the teliospore, the 
nuclear fusions at maturity, the genmnation of the spore, the reduc- 
tion divimons, and the formation of the sporidia are presented in 
another paper (5) and are not repeated here. 

DISCUSSION 

It has been assumed that a short-cyOle rust without spermogonia, 
like Piwjcinia tnalvacearum, is without means of crossing. A closer 
view of the situation makes this assumption doubtful. 

Under natural field conditions, the infections of Pueeinia malva- 
cearum on a leaf are not all of the same age. As soon as one in- 
fection matures its teliospores germinate (weather permitting), and 
continual crops of sporidia are formed and freed. When a sporidium 
drops upon a leaf it is apt to roll down into a furrow. Hollyhock 
and mauow leaves are not smooth; they are rather deeply creased 
and furrowed at the veins. Sporidia accumulate in these creases 
and can be seen there by dozens. After a few hours in damp air, 
the wholesale entrance of these sporidia into epidermal cells can 
be found. The resulting mycelia are crowded and interlace freely. 
Moreover, mallow and hollyhock leaves are regularly visited by 
small spiders and insects; in fact, it is rare to find an infected leaf 
in the field that is free from such visitors. These help to carry 
sporidia about. 

There are indications, too, that immature infections, too young 
to be bearing teliospores, can produce small conidia on the scattered 
hyphae that reach the surface of the leaf by growing into stomatal 
apertures or growing out through epMermm cells. Only a few 
such conidia have been found. There is, of course, the possibility 
that under the right conditions such spores would be formed in 
greater abundance, but material taken at different times of day 
and night from plants in ordinary ah and in damp chambers, lends 
small encouragement to such a belief. There is a little evidence 
that these comdia can germinate and enter the host leaf. 

The formation of even a few such conidia early in the develop- 
ment of an individual might be of significance, for they could easily 
be transferred by wind or by insects, and if by chance placed near 
another infection, might grow m and make contact with it. 

Evm in a rust without spermogonia, then, there are frequent 
contacts between individuals. The mews of crossing exist. 

This formation of a few scattered conidia in Pueeinia malvacearum 
that, theoretically at least, could help to replace in function the 
absent spermatia, is hot unique among higher fungi. De Bary 


EXPLANATORY LEOXND FOR PLATE » 

wi.-'H 3 rpha with trlnucleate oelis from sporogenous area of 9-day infootion. X 1,020. 

B. —Hyphae a aod 6 fused at c and grew to d. Irregular nuefeat oonteot. From sporogeuous area of 
O^lay infection. X 1,020. 

C. — Diploid hypha branobing. Botb a and b will give rise to teliospores. Nine-day infection. X 1*020. 

D. i^Hypbae a and b fused and then both grew on as diploid hyphae, cand tf; 9-day infection, X 1,020. 
B.^Detail of 12-day infection with growing teliospores o! different ages. X 1,020. 

F.-^DIagram of small lO-day open some. X lOO. 
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(14), in 1887, cites several cases of “doubtful spermatia” in Asco- 
mycetes, and Backus (IS) has summed up a variety of irregularities 
and doubtful cases r^rted in recent literature. The i^ility of 
fungi to produce conidia at imexpected times and places is further 
illustrated by the production in the diplophase of Phoiiota (g?) of 
several accessorv spore forms of a conidial nature. 

In a rust with spermo^onia that produce thousands of spermatia 
in a liquid attractive to insects^ there is abundant opportunity for 
the transfer of cells from one infection to another. A subsidiary 
spore form like these conidia, under such conditions, would seem to 
be of less biolomc importance to the rust. A hint that such conidia 
may be formed, however, is given by Rice (SO), who mentions and 
figures, without commit, the occurrence of small “spheres” at- 
tached to or lying dose to the stomatal hyphae in com mst. 

Hyphae growing out to the leaf surface in young haploid infections 
of rusts have been known since the days of De Bary (14, p. 578) 
and have been noted frequently shice then (1, 5, S, 4, 6, 8, 10, 11, SO). 
Tlie only rust investigated recently in which surface hyphae have not 
been found is flax rust (7). Further studies may brii^ to light more 
cases in which such surface hyphae function as conidiophores. 

There is evidence that the isolated monosporidial infection of 
Pmxinia malmcearum tends to be retarded in development, remains 
nunute, and under some conditions, at least, remains haploid and 
dies young without forming a sorus. With the limited data presented 
here, however, it caimot be taken for granted that an isolated infec- 
tion never develops a sorus. With other strains of the rust, or other 
hosts, or other culture conditions, it » possible that a sorus could 
be formed in an isolated monosporidial infection. Ashworth (IS) 
reports that, in 18 out of 1,000 (i. e., 1.8 percent) single-spore inocu- 
lations of P. malvacearum, infection took place and sori developed. 
She assumed that infection did not take place in the other 982 
inoculations. So far as stated, however, these were not sectioned, 
and it is possible that many of the inoculations resulted in minute 
infections that died without becoming large enough to be visible 
macroscopically. It is also possible that, while the 18 inoculations 
resulting in infections with sori were st^ small, insects transferred 
conidia or sporidia to them. On this basis, P. malmcearum would be 
heterothallic. 

When two mycnlia of Puednia malmcearum meet within the leaf, 
anastomoses form freely. Anastomoses between hyphae of the same 
mycelium or of two overlappiM myceUa of the same species are 
common in the higher fungi, m species of Hymenomycetes that 
can be grown in Petri dishes, it is comparatively easy to find such 
anastomoses (17). It long has b^n believed that, in rusts also, 
two mycelia in contact form connections wd that nuclei pass through 
these coimections, resulting in the dmloidization of both componente. 
Demonstration of this in rusts is difficult, for hyphae wind about in 
the irregular air spaces of the leaf and in sectioned material appear 
as comparatively short pieces. 

Indirect but none the less conclusive proof of anastomoses in rusts 
is mven by Brown (16). Sporophytic (i^dial) and haploid mycelm 
of Puccima hdianthi ^hw. were grown side by side on <^e same leaf. 
The diploid mycelium contributed to the haploid mycelium nudei of 
the kind it lacked and the latter at once devdoped normal aeeia. 
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In PiiccmM malmcearum, anastomoses between mycelia are abun- 
dant fmd fairly conspicuous. When two primary hyphae are dose 
together and the first mycelial growth is fairly dense, it is hard to 
trace connectbns between the two, although the early presence of 
binudeate cells in such mycelium suggests that cell fusions have 
occurred. But when 2 mycelia are farther apart and the first con- 
tact are made between scattered marginal hyphae that have grown 
toward each othw from the 2 infections, nearly every meeting point 
shows anastomosis. 

The presence of anastomoses is not in itself proof that fertilization 
is t^ing place. BuUer (/7) has shown that m Coprinus a number 
of adjoining mycelia may unite into a compound mycelium, forming 
an intimate network with thousands of connections. This can take 
place eq[ually well whether the species is homothallic or heterothallic. 
Combining is of advantage in the absorption and transportation of 
food materids for the buudii^ of a fruit body. Moreover, this typo 
of combination takes place quite independently of sex. Buller says 
a 7, pp. 185-186): 

From these observations we are justified in concluding that, in Coprinus lagopus 
and similar Hyinenomycetes, any two like mycelia or any two unlike mycelia can 
unite with one another to form a compound mycelium and that, in general, any 
one kind of mycelium at one and the same time can combine with any number 
of other mycelia with which it may come into contact, whatever may be their 
sexual condition. [He adds, however]; If two mycelia which do not react sexually 
happen to unite, no association takes place between their- nuclei; but, if two 
mycelia of opposite sex happen to unite, then through the openings made by_ the 
first few hyphal fusions nuclei pass from one mycelium into the other mycelium, 
conjugate pairs of nuclei are soon established in both mycelia, and the mycelial 
haplophase quickly changes into the diplophasc. 

In Puccinia malvacearum, anastomoses between mycelia are ac- 
companied by the transfer of nuclei. It is not uncommon to find a 
nucleus in the act of passing through an anastomosis from one hypha 
to the other. Moreover, shortly after these anastomoses and nuclear 
transfers, binudeate cells are to be found in tne mycelium and a 
sonis "starts promptly. So far as these details also are concerned, it 
naight be supposed that P. malvacearum is heterothallic and that this 
is an ordinary diploidization process. 

One further item should be taken into account, however. In 
heterothallic fungi with 2 sex groups (or compatibility groups, as some 
writers prefer to call them), roughly 50 percent of the matings are 
between individuals of the same group and remain sterile, wble the 
other 60 percent are between ^posite groups and lead to fertilization 
and the diploid generation. Present data on Puccinia malvacearum 
are too linuted to be conclusive, but, so far as they go, they indicate 
that all matings lead to cell fusions and the development of a sorus. 
This recalls the 100-percent interfertility between “geographic” 
strains in certain Hymenomycetes {2S, 25,^ SI). 

Since rusts are ob%ate parasites and it is not feasible to subdivide 
infections and plant bits of them i n p airs in all posdble matings, a 
genetical analysis cannot be made. Without it, no certain conclusions 
can be dra^. 

. It is posdble to look at ^e above data from quite a different point 
of view. Suppose for the moment that Puccinia malvacearum is 
homothallic. ^e young sporidium of P. malvacearum is uninucleate. 
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As the spore matures tWs nucleus regularly divides once. Suppose that 
as the result of this division one daughter nucleus in the sporidium 
is (+) and the other (•— ), Reference to plates 1 and 2 show that 
both nuclei of a sporidium move into the host and are soon located 
in separate cells of the primary hypha. Each of these cells givps 
rise to uninucleate mycelium. On tliis assumption every mono- 
sporidial mycelium would consist of mingled (+) and (— ) hyphae in 
approximately equal numbers. Suppose further that (+) and (— ) 
hyphae grown from the same sporidium react but feebly with each 
other and in many cases no pairing at all takes place and the mycelium 
dies without producing a sorus. In a few there is further develop- 
ment and the formation of a sorus. Wlien, on the contrary, two of 
these monosporidial infections meet witliin the leaf, anastomoses 
form, there is an active interchange of (+) and (— ) nuclei, and the 
(+) nuclei of each mycelium meet (—) nuclei of the other. Pairing 
of nuclei and diploidization can now progress rapidly and a sorus 
forms in all cases. Of course this theory has not been and perhaps 
cannot be proved. Its only justification is tliat it covers the observed 
facts. 

Pucemia malv^arum is a rust with a reduced life cycle, maintaining 
itself by repeating telial generations. At the time when the other 
spore forms were lost from the cycle, survival depended on the imme- 
diate development of some substitute method of attaining the binu- 
cleate phase. Sexual reproduction here is reduced to the simplest 
terms. There is a complete absence of sex organs and gametes. As 
in the Hymenomycetes, vegetative hyphae can anastomose and serve 
as the channel for the interchange of nuclei. Reproduction here is 
concerned fundamentally with the pairing of nuclei. Gametes can be 
dispensed with, but the irreducible minimum for sexual reproduction 
is tlie presence of two kinds of nuclei, whether the difference between 
them is labeled a sex factor, compatibility factor, or self-sterility 
factor (9, 19 , 20 , 21 , 22 ). 

Evidence has accumulated in recent years that the nuclei of higher 
fungi can migrate freely through a mycelium and even pass through 
anastomoses from one mycelium to another. Buller (17) has proved 
tliat nuclei introduced at one point into a haploid mycelium of 
Coprinus multiply and become rapidly dispersed throughout the 
whole mycelium. That nuclei of rusts liave the same power of loco- 
motion IS shown by Pucdnia sorghi Schw. (8), in wliich 24 hours 
after spermatization 60 percent of the cells throughout the mycelium 
contain more than one nucleus. 

The mode of locomotion of a fungus nucleus is unknown. As a 
beginning toward clearing up this obscure point, the different shapes 
of nuclei found in rapidly growing tips of hyphae have been ar- 
ranged in a sequence that can be interpreted as stages in the forward 
stride of a nucleus. According to this series, a nucleus pushes out a 
long slender beak, then flows forward into the beak and condenses in 
the new position, leaving a temporary vacuole in the cytoplasm behind 
it. This is somewhat in the manner of amoeboid motion. The ex- 
treme slenderness of the initial beak helps to explain how a nucleus 
could pass through a very fine pore in a septum when moving froiq 
one cell of a hypha to the next. Buller { 17 ) has figured out the rate 
at which Coprinus nuclei travel when diploidizing a haploid mycelium. 
A nucleus at full speed moves ahead a distance equal to its own diam-> 
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oter every 6 seconds. In Pucdnia malocmanm, the beak on a 
nucleus in motion becomes about three times as long as the body of 
the nucleus, and the length of the beak determines the length of the 
forward stride. If a rust nucleus can travel as fast as a Copriima 
nucleus, a single stride would take about IS seconds. If one allows 
for a pause between strides (table 1), the advance itself must take 
less than 18 seconds. 

In Puednia sorghi, fertilization is followed by wide-spread diploidi- 
zation of the mycelium. In P. malveusearum binucleate cells are found 
principally in the neighborhood of the sorus. The cells of marginal 
hyp^e, except when in direct contact with another mycelium, re- 
main uninucleate. Correlated with this difference between the two 
species is the fact that one mycelium of P. sorghi produces many 
aecia in successive marginal circles, while P. malvacearum produces 
only one central sorus. 

SUMMARY 

Puecinia malvacearum Bert, is a short-cycle rust of hollyhocks and 
mallows maintaining itself by repeated telial generations. Sper- 
m^onia, aecia, and uredia are unknown. 

Teliospores can germinate as soon as fonned, giving rise to a 
promycelium bearing four binucleate sporidia. The sporidia germi- 
nate at once and their germ tubes enter the leaf and give rise to 
uninucleate mycelium, which is both intercellular and intracellular. 

Nuclear locomotion incidental to vegetative growth and also the 
longer nuclear migrations during diploidization have been studied. 
In making a forward stride, a nucleus pushes out a long slender beak, 
then flows forward into the beak and condenses in the new position, 
leaving a temporary vacuole in the cytoplasm behind it. 

Hyphae reach both the upper and the lower surface of the host leaf 
by ^wing into stomata and by growing out through and, more 
rarely, between the other epidermal cells. There is some evidence 
that these surface hyphae produce small ovoid conidia about half the 
size of sporidia. 

The isolated monosporidial infection is retarded in growth and may 
die without developing a sorus. 

Whenever two monosporidial mycelia meet within the leaf anas- 
tomoses form and a nuclear interchange takes place, followed by 
localized diploidization and the development of a sorus. Some 
hyphae are already diploid when they reach the sporogenous area of 
the sorus and can give rise directly to teliospores. Others are haploid 
and pair in the sorus before forming teliospores. 
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PHYSIOLOGIC SPECIALIZATION OF MELAMPSORA LINI 
ON LINUM USITATISSIMUM ^ 


By H. H. Flor * 

AssodaU pathologistf Division of Cereal Crops and Diseases^ Bureau of Plant 
Industry ^ United Stales Department of Agriculture . 


INTRODUCTION 


MeUmpsora Uni. {Fers.) L^y., the fungus that causes rust of culti- 
vated flax, Linum usitaiissimum L., occurs in all the major seed flax- 
and fiber-flax-producing areas of the world. Injury to the seed crop 
results from a reduction in the amount of foliage ^d from the utili- 
zation bv the fun^s of some of the food of the host plant. In addition 
to interfering witn the normal photosynthetic metabolism of the host 
]>lant, rust on fiber flax injures the quality by causing breakage of 
fibers and preventing normal retting, thus producing what is known 
as “measly” fibers (28).^ Consequently a small amount of infection 
may injure the quality of a fiber-flax crop, while it is only under 
epideimc condition that the rust may be destructive to seed flax. 
Only occasionally is flax rust very destructive in Minnesota and the 
Dakotas, where most of the domestic flaxseed is grown. However, it 
sometimes occurs in epidemic form in these areas, and Brentzel * and 
Hart (9) have reported losses ranging from a trace to 100 percent. 

Measures that have been recommended for the control of flax rust 
include early sowing, thorough cleaning of the seed, crop rotation, use 
of high, well-drained land, destruction or removal of infected straw, 
and the use of resistant varieties. Heniy (10) considered the last- 
named method the most promising and found rust immunity to be 
inherited independently of morphoTo^c type or wilt resistance. 

In a program to develop disease-resistant varieties of crop plants it 
is essential to know whether more than one physiologic form of the 
pathogen occurs and, if so, the varietal host range, distribution, and 
stability of each fonii. The object of the investigation herein reported 
was to obtain this infonnation in regard to Mdampsora Uni. 

HISTORICAL REVIEW 


Persoon (18) described a llist fungus on Linum catlmtieum L. and 

L, mUaUssimum in 1801 and named it Uredo miniata 8 Uni. In 
1847 L6veill4 (16) transferred it to the genus Mefompsora, calling it 

M. Uni. Buchheim (5) states that Komicke, in 1865, decided that 
the rust on cultivated flax, L. usitatissimum, was physiologically 
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from that m L. catharticwn, and called the former M. Uni 
liniperda. Since then the host ran^ of mats occurring on 
Afferent species of Linum has been studied by a number of investi- 
gators. Inckel (S), Palm (17), and Buchheim (5) concluded from 
cross-inoculation studies that rust on cultivated flax was physiol<^- 
caUy and, in some cases, morphologically distinct from that on 
certain wild flaxes. Arthur (2), in demonstrating that M. Uni was 
eu-autoecious, obtained pycnia and aecia on L. lewisii Fursh and 
L. uoUatissimum by inoculation with teliospores produced on the 
latter species. Hart (9) was unable, however, to infect L. lewisii with 
uredios^res from L. usHatissimum but did secure successful infection 
of L. riMum Pursh. Lafferty, Rhynehart, and Pethybiidge (14) 
obtained slight but abnormal infection of L. angustifolium Huds. with 
urediospores from L. usitaiissimum. Henry (II) foxmd that certain 
strains of L. usitaiissimum, L. angustifolium, L. usitaiissimum var. 
crepitans Bdnningh., L. riMum, and L. sulcaium Riddell were com- 
pletely susceptible to M. lini collected on L. usitaiissimum, and that 
certain strdns of L. usitaiissimum and L. angustifolium, a.8 well as all 
tested strains of L. perenne L., L. austriacum L., L. grandiflorum Desf., 
L.Jlavum L., and L. caihartieum, were immune. 

Hart (9) obtained urediospore collections of Melampsora lini on 
Linum usitaiissimum from a munber of localities in the United States 
and Canada but could not demonstrate the occurrence of physiologic 
forms from their reactions on a susceptible and an immune variety of 
cultivated flax. Henry (10) suspected the occurrence of physiologic 
forms of rust on cultivated flax but did not demonstrate their exist- 
ence. He foimd that four strains of flax that had been selected by 
Dorst (7) for their resistance to rust in the Netherlands were uni- 
formly susceptible when grown in Minnesota. 

MATERIAL AND METHODS 

BUST COLLECTIONS AND INOCULATION PROCEDURE 

The rust collections used in these studies were made in the field in 
1931, 1932, 1933, and 1934. Because of drought, rust was of little 
economic importance during this period in the flaxseed-producing area 
of the United States, but a scattered infection occurred throughout 
Minnesota and the eastern parts of North Dakota and South Dakota. 
The pathogenicity of 99 uredial collections was studied during these 
4 years. Most of the field collections contained but a few urema and 
each collection was increased on a susceptible variety in the green- 
house. The urediospores thus obtained were collected in glass vials 
and stored at 4° C., at which temperature they retained their viability 
from 2 to 4 months. Pathogenicity tests were made by inoculating 
approximately twelve 30-day-old plants of each variety with the 
increased supply of urediospores by dusting the ^ores from a camel’s- 
hair brush onto the leaves and terminal bud. The inoculated plants 
wer^laced in moist chambers for 24 hours at a temperature of 14® to 
16® C. and sprayed periodically with an atomizer. They were then 
removed to rust compartments in a greenhouse kept at a temperature 
of approximately 20° O. During the winter months a light day of 13 
hours was maintained by supplementing daylight with arti^mal 
illttmination. Final readings were made 10 to 15 days after inoculation, 
depen^iing on the effect on pustule formation of temperature and 
light Conditions during the period of incubation. 
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DIFFERENTIAL HOSTS 

Although the existence of physioloric forms of Melampsora Uni on 
common flax had been suspected by Henry {10) prior to the present 
studies, it had not been proved nor had suitable differential hosts been 
discovered. The work of previous investigators on physiologic spe** 
cialization in the rusts and other fungi had indicated that differential 
hosts most likely would be obtained from resistant varieties and those 
possessing diverse morphologic characters. In trying to discover po- 
tential differentials, the reaction of 50 varieties of flax to the 36 rust 
collections made in 1931 and 1932 was studied. These varieties had 
been chosen because they represented diverse morphologic types or 
had been reported as resistant to rust. 

In these tests it was discovered that many varieties reported as 
resistant in field trials showed no resistance in greenhouse inoculation 
tests. Furthermore, the reaction of individual plants of varieties 
possessing some resistance was extremely variable. Consequently, 
it was necessary to develop lines pure for rust reaction from those 
varieties that gave indications of possessing differential potentialities. 
This was accomplished by plant selection. It was found, for example, 
that two-thirds of €he plants of Williston Golden (C. I.® 25) showed a 
high degree of resistance when inoculated with form 1, and that the 
remaining third showed extreme suscj^tibility. All plants of this 
variety were susceptible to form 2. Inose plants that showed re- 
sistance to form 1 were grown to maturity in the greenhouse, and seed 
from each plant was increased in the field nursery. The progeny of 
each plant selection was harvested separately and tested for rust 
reaction to form 1. Many of the progenies thus obtained continued 
to segregate for resistance and susceptiHlity, but several were found to 
be pure for resistance. One of the latter was subsequently selected 
as a differential strain for future work. Similarly, it was found that 
90 percent of the plants of Buda (C. I. 270) were resistant to form 1, 
while all plants of this variety were susceptible to form 4, A strain 
of this variety that was pure for resistance to form 1 was developed by 
the method used in obtaining the resistant strain of Williston Golden. 

The reaction of the differential strains of Williston Golden and 
Buda to the 36 collections made in 1931 and 1932 indicated that at 
least 5 physiologic forms of flax rust were present. Monosporous 
uredial cultures were obtained from each of the 5 forms that appeared 
to be physiologically distinct. In every instance the pathogenicity 
of the monosporous culture was identical with that of the original col- 
lection. The pathogenicity of these 5 monosporously derived forms 
to 115 additional varieties was determined in 1932. By these tests 
and the subsequent increase of certain plant selections, a line pure for 
rust reaction was obtained from each of 12 additional varieties of 
flax possessing differential potentialities. Four of these, Samarkan 
(C. I, 514), Abyssinian (C. I. 611), and Akmolinsk (C, I. 515 and 520), 
although varymg somewhat in the degree of susceptibility, reacted 
similarly to the different forms. Another strain of Abyssinian (C. 1. 701) 
was resistant to the same fohns as were the varieties mentioned above 
but was resistant to some of the rust foms to which these varieties 

were susceptible. Elections from Redwing (C. I. 499) possessed 
varying degrees of resistance but reacted in general as did the diff^ 
enUal strain from Buda. The selection from the fiber flax, J. W. S, 

* O. l. rttfen to aoeession number ot tbe WWon Cereal Crops and Diseases. 
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(C. I. 708), was either highly resistant or very susceptible to the dif- 
ferent forms. The selection from Argentine (C. J. 706) was particu- 
larly sensitive to changes in light conditions. This change in reaction 
was especially noticeimle in uiose forms to which this selection was 
more or less resistant. The number and size of pustules and the 
abundance of spores in the pustules were greater in clear weather than 
in cloudy weather. However, the change in reaction was not sufficient 
to nullify the value of this variety as a differential. The selections 
from Diadem (C. I. 321), “very pale blue crimped” (C. I. 647), and 
Williston Brown (C. I. 803), a brown-seeded selection, probably a 
hybrid or a mixture, found in a sample of Williston Golden (C. I. 25), 
were susceptible to most forms of rust hut were sufficiently resistant 
to other forms to be of value as differentials. The selection from 
Kenya (C. I. 709) was resistant to most forms but semiresistant to 
some. 

HOST REACTION AND TYPES OP INFECTION 


The classes of host reaction and infection types used by Stakman 
and Levine (W) served as a guide for formulating the classiffcation 
used in these studies. Apparently, flax varieties give more diverse 
manifestations of resistance to rust infection than do wheat varieties, 
and the classification of host reaction was modified accordingly. 
The principal types of reaction of flax varieties to rust infection are 
described below and shown in plate 1. 


Cta$8ei of host reaction 

Nearly immune (0) 

f(i) 


ResiBtant 


( 2 ) 


Semiresistant 


( 3 >-) 


Moderately susceptible- (3) 


Highly susceptible (4) 


Types of rust infection 

No uredia developed; hypersensitive flecks or 
necrotic lesions usually present, but sometimes 
there is no evidence of infection. 

Uredia minute to small, rarely extending through 
the leaf, usually distinct and scattered in chlorotic 
to necrotic areas, but in some cases pustule forma- 
tion is not accompanied by either chlorosis or 
necrosis of the surrounding leaf tissue. 

Uredia small to medium, associated with distinct 
necrosis of the leaf; may be scattered or may form 
crustlike aggregations in necrotic areas; if isolated, 
usually are surrounded by a necrotic zone. 

Uredia variable; heavily inoculated areas necrotic, 
with arrested pustule development; medium to 
large pustules produced in healthy tissue adjacent 
to necrotic areas; pustules on stem and cotyledons 
small but with no evidence of hypersensitiveness. 

Uredia medium to large; well developed but not 
compound; usually extending through the leaf to 
both surfaces; development somewhat retarded 
in heavily infected portions of the leaves; tissues 
adjacent to uredia may become more or less 
chlorotic as the pustules mature. 

Uredia large and, if isolated, usually compound, 
extending through leaf to both surfaces; at first 
leaves show little chlorosis but later may become 
chlorotic and die prematurely. 


Hard and fast rules for pustule classification cannot be followed. 
The types of iidection exhibited by a variety depend upon such 
factors as light intensity, length of day, temperature, and age and 
vigor of the host plant, "as well as upon the pathogenic properties of 
the rust form involved. All ranges of reaction between imimmity 
and complete susceptibility occur, and whether the borderline cases 
fall into one type of host reaction or into another often depends 
upon the arbitrary judgment of the observer. 
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There api^ar to be at least two distinct forms of resistance in flax. 
In some varieties resistance is manifested by a reduction in the size 
of the individual uredia, together with more or less chlorosis, and the 
eventual premature death of the infected areas of the leaf. In other 
varieties resistance is manifested by necrosis of the infected region, 
coupled with more or less repressed pustule formation. Varieties 
with host reactions of type 1 show different degrees of the first form 
of resistance; those with reactions of type 2, different degrees of the 
second form. The extreme cases of both kinds of resistance would 
fall in the CToup having reactions of type 0, in which chlorosis or 
necrosis of the infected portions of the leaves occurs without pustule 
formation. Reactions of type 1— include those in which chlorosis 
of the infected leaves occurs but in which the minute uredia do not 
break through the epidermis; reactions of type 1 include those in 
which the small uredia, usually borne in chlorotic areas of the leaves, 
break through the epidermis; and reactions of type 1+ include those 
in which small, erumpent uredia are produced, with but slight, if any, 
chlorosis of the surrounding leaf tissue. Reactions of type 2— are 
characterized by the production of small aggregations of rudimentary 
uredia in necrotic .areas of the leaves; those of type 2, by the produc- 
tion of small to mid-sized uredia surrounded by a sharp necrotic zone; 
and those of type 2+, by a crustlike structure resulting from the 
aggregation of uredia produced in necrotic areas of the leaf. Each 
form of resistance, as represented by types 1 and 2, covers a range of 
host reaction extending from near immunity to the borderline of 
susceptibility. Consequently, one form parallels the other in degree 
of resistance and neither can be considered, in this respect, subordi- 
nate to the other. 

No cases of a truly mesothetic type of rust infection, comparable 
to those occurring in wheat {20), oats (S), and rye {0), were observed 
on flax. However, there were cases on the borderline of resistance 
and susceptibility in which monosporous rust cultures produced 
both necrosis and normal uredia. Since these uredia were well 
developed and not always produced in or surrounded by necrotic 
areas, mfections of this type were classified as the 3— type and the 
varietal reaction as semiresistant. 

EXPERIMENTAL RESULTS 
DIFPERENTIJWION OF PHYSIOLOGIC FORMS 

Fourteen physiologic forms of Melampsora Uni infecting Linum 
usUaiissimum have been differentiated by the use of seven varieties 
of cultivated flax. With the study of additional rust collections and 
the discovery and purification of still other differential varieties, it is 
probable that more forms will be distinguished. Tests already 
conducted indicated that additional forms may have been present in 
the 99 rust collections studied. It was thought inadvisable, however, 
to establish new forms based on these minor differences, even though 
thgy were consistently obtained. ^ . . 

These 14 physiologic forms have been differentiated by the reaction of 
the selectea strain from each of the seven varieties used in the following 
key. The reactions of each of these seven varieties are given in table 1 . 
In this table the reactions of two additional varieties also are given 
for additional information and for possible use in differentiating 
forms not yet studied. 

a7375n-36 5 
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Key 

Buda remsta&t.' 

WiliistoQ Golden resistant. 

Akniolinsk resistant. 

Williston Brown semiresistant to resistant Form 10 

Williston Brown susceptible - Form 1 

AkmoUne^ susceptible. 

J. W, S. resistant Form 6 

J. W. S, susceptible Form 7 

Williston Golden susceptible. 

^‘Very pale blue crimped” resistant Form 11 

**Very pale blue crimped” susceptible - Form 6 

Buda semiresistant. 

Williston Golden resistant - Form 3 

Williston Golden susceptible - Form 14 

Buda susceptible. 

Williston Golden resistant. 

Akmolinsk resistant. 

J. W. S. resistant. 

Kenya resistant Form 4 

Kenya semiresistant Form 12 

J. W. S. susceptible - Form 13 

Akmolinsk susceptible - Form 8 

Williston Golden susceptible. 

J. W. S. resistant - Form 2 

J. W. S. susceptible Form 9 


Table 1. — Reactions of pure-line selections from 9 differential varieties of lAnum 
usitatissimum to 14 physiologic forms of Melampsora Uni as determined in green- 
house tests at FargOf N. Dak., 1936 ^ 


Type<( of rust Infeotion and reactions of differential hosts 


Buda (C. I. 270) 


Physiologic 

form 


Infeotion type 



Range 

Pre- 

domi- 

nant 

1 

0tol+»-. 
1 to 3 

1- 

2 

3 

3 

1- to3--. 

3- 

4 

3 to 4 

S 

5 

Oto 1--.- 



1- to l..„ 

1 


ltOl+-..- 
3 

1 

8 

3 

5 

l+to3..-. 
0 

3 

10 

0 

11 

Oto 1-...- 

0 

12 

1 to 8 

3 

18 

1+ to 3--. 
lto3-...- 

3 

14 

3- 



WiUiston Golden (C. 1. 26) 

Wimston Brown (C. 1. 803) 


Infection type 


Infection type 


Host 



Host 



Host 





reac- 


Pre- 

reac- 


Pre- 

reac- 

tion 

Range 

domi- 

tion 

Range 

domI- 

tion 



nant 



nant 


R-f 

0 tn 1 

1 

R-f 

3 

3 

8 

S~ 

3 to 4 

3 

8+ 

3- to 3..,. 

3 

8 

SR 

1- to 1 

1 

R+ 

3- to 3-.- 

8 

8 

s+ 

1-tol.... 

1 

R+ 

3 

3 

8 

R+ 

Ito 

1+ 

R~ 

3 

3 

8 

R+ 

3 to 4 

3 

S-f* 

3 

8 

8 

R+ 

1- to 1.... 

1 

R+ 

3- to 3.— 

8- 

8- 

8 

1- to 1. - 

1 

R+ 

3 

3 

8 

s- 

1+ to 3-— 

3 

8- 

3 

3 

8 

I 

Otol 


R+ 

lto3-— . 

2 

8R 

R+ 

8 to 4 

3 

8+ 

3 

3 

8 

S~ 

1 to 1+-.- 

1 

B 

3 

3 

8 

s- 

ltol+.„. 

1+ 

R- 

3 

3 

8 

SR 

8 

3 

8 

3 

3 

8 


1 Plus and minus signs Indicate somewhat greater or lessor amount of rust than the nearest figure repre* 
seating the infsction type, and the letters signify the following: R, resistant; S, sosoeptible; SR, semi- 
resistant; and t, immune. 


EXPLANATORY LEGEND FOB PLATE 1 

Infection types produced by Mtlamptora Uni on selected varieties of cultivated flax, Linum usUatittimum. 

A, Type 0. No uredia produced, but chlorotic to necrotic areas formed in inoculated portions of the 
leaves. Akmolinsk, C. 1. 515, inoculated with form 4. 

^1 Type 1. Small uredia formed usually in association with ehlorosfe of the surrounding leaf ttesue. 
Williston Golden, 0. 1, 25, inoculated with form i. 

TyjM 2. Slow to medium uredia of subnormal development surrounded by sharply defined necrotic 
areas. Williston Brown, C. 1. 803, inoculated with fim 10. 

D, Type $*-. Isolated uredia, laigc and well developed but not compound, surrounded by a chlorotic 

area which may become necrotic: heavily Infected porum of the leaves are cbiorotle with arrested uredlal 

development. Bud% C. 1, 270, inoculated with form 8. 

B, Tm 8. Uredia ^e and w^l developed but not conoy^und; ooneiderable Chlorosis In heavily infected 
arenymt uredlal development only sUglmy retarded. wUliston Golden, €. I. InoeulateAwim form 2. 

F, Ty^ 4. Uredia large and. if Isolated, compound with but eaight chlorosis except in the older JnleetloUs. 
Bison, ^1. 380, inoculated ultb form 2. 

A to X 1.5; F, natural slse. 
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Types of rust iafection and reaotioas of ditleiential hosts 


Very pale b1«« oiimped** 
( 0 . 1 . 547 ) 



Types of rust infection and reactions of differential hosts 


Physiologic 

form 


10 

11 

12 

13 

14 


Kenya (C. 1. 700) 

Argentine (C. 1. 705) 

Infection type 

Host 

Infection type 

Host 

Range 

Pre- 

domi- 

reac- 

tion 

Range 

Pre- 

domi- 

reac- 

tion 


nant 



nant 


0 to 1 

1- 

R+ 

1- to3--- 

2+ 

SR 

1 to 2 

2 

R+ 

2 to 3- ... 

24- 

SR 

2+ to 3-.. 

2-i- 

8R 

1- to 3--. 

24- 

SR 

2- to 2-f*.. 

2- 

R 

2 to 3-..- 

2-f 

SR 

0 to 2. 

0 

R+ 

2 to 3-..,- 

24- 

SR 

0 to 2+.... 

2- 

H 

2 to 3-,-.- 

24- 

SR 

0to2-.... 

2- 

R+ 

3- to 3 

3 

S 

2 to 3-...- 

2+ 

SR 

2 to 3~„.. 

24- 

SR 

2- to 2-H- 

2~ 

R 

2 + to 3-.. 

24- 

SR 

0 to 1-.— 

0 

B+ 

Otol 

0 

K4- 

0 

0 


2 to 3--.- 

H 

SR 

2+ to 3~.. 

2+ 

sfi 

2-|-to3--. 

2+ 

SR 

2+ to 3--. 

2-f 

SR 

2+ to 8-.. 

24- 

SR 

Oto 2 -.... 

2- 

R+ 

Oto 2+.... 

2 

R 


Abyssinian (C. T. 701) 


Infection type 


Pre- 

Range domi- 
nant 


1 to 1+.— 

0 

1 to 1+— . 

3 

0 

0 

0 

0 

0 

0 


Dbbcription of Forms 

Form 1 , — Differential selections of J. W. S< and Abyssinian C. I. 701 nearly 
immune; Buda, Williston Golden, Akmolinsk, and Kenya hiahly resistant; 
Argentine C. I. 706 semiresistant; Williston Brown susceptible. Under optimum 
rust conditions, Williston Golden developed infection types 1 to l-f; undw 
Buboptimum conditions it showed pronounced chlorosis and subsequent necrosis 
of inoculated lend areas and an occasional pustule of type 1— to 1. Typical 
response of Buda, Akmolinsk, and Kenya, formation of chlorotic to necrotic 
areas with an occasional pustule of type 1*-^* Response of Argentine C. 1. 705 
variable; uredia usually aggregated in necrotic areas; under suboptimum rust 
conditions uredia dry prematurely and spore production is sparse; under opti- 
mum rust conditions uredia w^ developed and sporulation abundant. 

Form ;e.-^Buda susceptible; Williston Golden very susceptible, and J. W. S. 
nearly immune. Uredia on Buda medium in sise, numerous, sporulation abun- 
^nt; stems and cotyledons show no resistant reaction; heavily infected leaves 
becom * • 
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Form 3 , — Buda semirewatant; Williston Grolden highly resistant; AkmoUnsk 
very susceptible; Kenya semiresistant. Buda^ uredia type 3— ; variable, heavily 
inoculated areas necrotic with arrested pustule development, normal uredia in 
adjacent tissue; uredia on stem and cotviedons small but otherwise normal. 

Form 4 > — Buda very susceptible; Williston Golden and Akmolinsk highly 
resistant; Kenya resistant; J. W. S. nearly immune. Infection on Buda normal, 
uredia large, rarely compound, sporulation abundant, but under suboptimum 
conditions Buda less susceptible to form 4 than Akmolinsk to form 3 or Williston 
Golden to form 2. Kenya, heavily inoculated areas chlorotic to necrotic, pustules 
rudimentary, usually in necrotic areas at leaf margins. 

Form 5.— Resistance of Buda and Kenya differentiates this form from form 3. 
Williston Golden slightly more susceptible than to foi’m 3; Akmolinsk very 
susceptible; and J. W. S. nearly immune from both forms. 

Form 6 . — Buda highly resistant; W^illiston Golden very susceptible. Sus- 
ceptibility of the very pale blue crimped'* (C. 1. 647) differentiates this form from 
form 11. 

Form 7. — Buda, Williston Golden, and Kenva very resistant; Akmolinsk very 
susceptible; and J. W. S. susceptible; Williston Brown semiresistant to moderately 
susceptible, uredia large, fewer than normal, and surrounding tissue dries pre- 
maturely. The only form producing a susceptible reaction on Argentine C. I. 705 
under suboptimum conditions. 

Form 8. — J. W. S. nearly immune; Williston Golden highly resistant; Buda 
susceptible; and Akmolinsk very susceptible. The only form that produces a 
susceptible reaction on Abyssinian C. I. 701. 

Form 9 . — Susceptibility of J. W. S. differentiates this form from form 2; 
Williston Golden appreciably less susceptible than to form 2. 

Form fO.— Apparently the least virulent of all forms. Under suboptimum 
conditions Williston Brown resistant; under optimum conditions semiresistant. 
Buda, Williston Golden, Akmolinsk, and Kenya slightly more resistant than to 
form 1; Argentine C. L 705 much more resistant. 

Form 11 , — The immunity of the ‘^very pale blue crimped" (C. I. 647) differ- 
entiates this form from form 6. This is the only form to which this variety is 
hi frilly resistant. 

Form 13 , — Kenya semiresistant, uredia large, well developed, aggregated in the 
heavily inoculated regions that become chlorotic and tend to dry up prematurely; 
Buda susceptible; Williston Golden resistant; Akmolinsk highly resistant; 
J. W. S. nearly immune. Differentiated from form 4 by the more susceptible 
reaction of Kenya and the less susceptible reaction of Buda. 

Form 13 , — Susceptibility of J. W. S. differentiates this form from forms 4 and 12. 

Form 1 — Buda semiresistant; WiUiston Golden susceptible; Akmolinsk, 
J. W. S., and Abyssinian C. I. 701 nearly immune; Argentine C. I. 705 resist- 
ant; and Kenya very resistant. Differentiated from form 2 by semiresistance of 
Buda and the somewhat less susceptibility of Williston Golden. 

GEOGRAPHIC DISTRIBUTION 

The localities from which the 99 rust collections were obtained are 
shown in table 2. More than one form was obtained from several 
of the collections made in 1934, so that a total of 105 form identifica- 
tions were made. The distribution of these forms, according to years 
and States or Provinces in which each was collected, is also shown 
in table 2. 

Physiologic forms 1 to 7, inclusive, were differentiated on the 
reaction of three differential varieties, Buda, Williston Golden, and 
Akmolinsk. Since only the type sijecimen of each of these 7 lorms 
was available for tests with the additional differentials used in the 1934 
trials, it is possible that some of the earlier form identifications were 
not exact. For instance, form 9, which is distinguished from form 2 
by the reaction of J. W. S., would have been classified as form 2 prior 
to the use of J. W. S. as a differential in 1934. Likewise, collections 
having pathogenic properties of form 10 would have been classed as 
form 1; and collections having the reactions of forms 12 and 13, as 
form 4. 
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A number of ^ysblogio fon^ of flax rust are wide^ disaeminated 
throughout the flaxseed-producine area of Minnesota, North Dakota, 
South Dakota, and Manitoba. Fomu 1, 2, and 4 apparentiy urere 
most preralent during this 4-year period, but the limited number of 
cdUeetions studied scarcely warrants drawing definite conclusions 
concerning the relative prevalence of the different forms. Apparently, 
forms 3 and 5 also were wide-sproad, as each was secured from several 
widely separated localities. Form 6 was obtained from only 2 col- 
lections, 1 from Fergus Falls, Miim., iii 1933, and the other from 
C^atonna, Minn., in 19^. Only two collections were obtained out- 
side the flaxseed-producins area. One of these, collected at Astoria, 
Oreg., yielded form 7 and the other, gathered near Corvallis, Or^., 

f jave form 8. These two forms are very distinct from all those col- 
ected in the flaxseed area and also from each other. In 1934, forms 
10, 11, and 13 were each obtained but once; form 9, twice; form 12, 4 
times; and form 14, 9 times. Forms 12 and 14 were found in widely 
scattered localities in Minnesota and North Dakota. The latter form 
was obtained from more collections in 1934 than was any other. 

Several forms have been obtained from the same locality, although 
the number of collections made in each has been rather limited. 
Forms 1, 2, 4, 12, and 14 have been, obtained from 11 collections 
made near Fargo, N. Dak.; forms 1, 2, 3, and 4, from 5 collections 
made near Langdon, N. Dak.; forms 2, 4, 5, and 11, from 5 collections 
made at Cooncreek (near Anoka), Minn.; and forms 2 and 4, from 3 
collections made at Mandan, N. Dak. 

HOST RANGE AND VARIETAL RESISTANCE 

The results of inoculating 165 varieties of flax with physiologic 
forms 1 to 5, inclusive, are given in table 3. As only 13 of 
the 165 varieties tested gave indications of being rust differentials, 
the reaction of each vanety to each form has not been tabulated 
separately. The varieties have been grouped according to the flax 
type to which they belong. The percentages of plants of each variety 
that were immune, resistant, or susceptible are given, as is also the 
general rust reaction of each variety. 

Table 3. — Reaction of varieties of Linum usitatissimum to five forms of Melampsora 

Uni 


Group and variety 

C. I. 
no. 

Im- 

mune 

Resist- 

ant 

Suscep- 

tible 

General 
rust re- 
action < 

Linum utUatitsimum crepitant (dehisoent flax): 

From Siberia 

295 

Percent 

0 

Percent 

0 

Percent 

100 

s 

From Germany 

496 

0 

0 

100 

s 

From Ukraine. 

606 

0 

0 

too 

8 

Do 

607 

0 

0 

100 

8 

L. usUatittimum (seed flax): 

Petals, broad, flat: 

Abyssinian: 

F. P. L* 37086 

86 

0 

0 

100 

8 

Fa P. I. 68762 

300 

0 

0 

100 

8 

F. Pal. 68764.., 

302 

3 

9 

88 

6 

From Egypt 

380 

12 

9 

79 

8 

From Fergana, 8, E. Turkistan 

611 

0 

66 

44 

D 

F. P, I* 60660 

701 

48 

10 

42 

D 

From Kenya. East Africa 

707 

0 

0 

100 

8 


■ iadlMte ttw various tvpos ol mst reaetlon, as follows: O, dlllsroiitlal variety (not reaotlne 
sindlarlytoaUft>nns);I,liniinma6'apatoeotorinono(tba(danttlninuma);M,!nlasd(lestthann pataant 
of tna plants (ailing Into any 1 elan); R.rasiatant (VSparoant or more tbs planta raslstant); 8, susoap* 
tlbki (/S pirodiit or more of tbo Dlaato tusoi^tlblt). 

> F. P, li retora to accession number of tbe Diyision of Plant Exploration and Introduction. 
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TablS 3.— Reootton of varieiito of Linum uoitaUuimum io five fornu of MdoMptora 

Uni — Continued 


Group and variety 

0- 1. 
no. 


Resist- 

ant 

Siisoep 

tlble 

. GenenH 
rust re- 
action 

L. utitatiMimum (seed flax)~Continited. 

Petals, broad, flat—Continued. 






American: 






Blue«flowered: 


Pereeni 

Percent 

Percent 


Bison 

389 

823-c 

754 

Q 

0 

St 

Blanc 

0 

Q 

100 


BoUey No. 1823 

9 

0 

91 

6 

Buda 

270 

0 

64 

46 

D 

Do.«.. 

326 

0 

0 

100 

ti 

Diadem 

321 

2 

31 

67 

D 

Iiinota 

244 

0 

0 

100 

8 

Minnesota 24-410 

421 

0 

0 

100 

8 

Minnesota 26>2Q2 

447 

0 

0 

100 

S 

Minnesota 26-221 . .. 

423 

0 

0 

100 

8 

Minnesota 25-246 

446 

0 

0 

100 

8 

Minnesota 281 ... 

438 

0 

0 

100 

8 

North Didcota Resistant 6. . . .. 

411 

0 

0 

100 

8 

North Dakota Resistant 62 

276 

0 

0 

100 

8 

North Dakota Resistant 114 

489 

0 

0 

100 

8 

North Dakota Resistant 714 

399 

0 

0 

100 

8 

North Dakota Resistant 720 

412 

0 

3 

97 

8 

North Dakota 40016 . . . 

428 

0 

0 

100 

100 

8 

Pale blue t 

387-1 

0 

0 

8 

Redwing 

320 

0 

0 

100 

8 

Do . . 

468 

0 

2 

98 

8 

Do 

499 

0 

61 

49 

D 

Slope 

Walsh 

274 

0 

0 

100 

8 

645 

86 

16 

0 

1 

Winona .. . 

White-flowered: 

481 

0 

0 

100 

8 

Ottawa white-flowered.. ... 

Pink-flowered: 

24 

0 

0 

100 

8 

Bolley Golden 

644 

70 

30 

0 

M 

BolleyNo. 1821-. 

761 

100 

0 

0 

1 

Bolley No. 1822... 

750 

100 

0 

0 

1 

1.4ethbridge Golden 

23 

5 

6 

90 

K 

Long Nor4 

400 

0 

0 

100 

8 

Ix)ng No, 68 

337 

0 

0 

100 

8 

Do 

719 

0 

0 

100 

8 

Iiong No. 83 

364 

0 

0 

100 

8 

Pale pink. 

173-1 

0 

100 

0 

R 

Do i 

173-3 

0 

100 1 

0 

H 

Do 

649 

0 

100 

0 

R 

Williston Golden - 

26 

0 

66 

44 

D 

Argentine: 



North Dakota 1742 

342 

97 

0 

3 

1 

Minnesota 26-343 

417 

90 

1 

9 

T 

Minnesota 25-341 

462 

100 

0 

0 

1 

Minnesota 25-362 

472 

! 100 

0 

0 

I 

Minnesota 26-330 

690 

1 100 

0 

0 

1 

Minnesota 26-361-1 

691 

100 

0 

0 

1 

Minnesota 27-379-3 

692 

100 

0 

0 

I 

Minnesota 26-323 Ai 

705 

88 

12 

0 

D 

Biglow... 

414 

97 

0 

3 

I 

Capa - 

720 

21 

63 

26 

M 

Do 

721 

100 

0 

0 

I 

Do 

722 

94 

6 

0 

1 


706 

90 

4 

0 

1 


709 

80 

18 

2 

D 

Light mauve 

379-1 

24 

70 

0 

R 

Lino Grande 

381-2 

52 

46 

3 

M 

Long No. 6 

466 

94 

6 

0 

1 

Malabriffo...... 

846 

96 

4 

0 

1 

Do-\. 

606 

100 

0 

0 

1 

Rio 

280 

100 

0 

0 

1 

Rosario 

316 

3 

97 

0 

R 

Indian: 






Howard and Khan (IS): 




100 

8 

var. /tttsttm, type 1 . - 


0 

0 

var. type 8 .. 


0 

0 

100 

8 

var. purppfguiftf type H - 


6 

0 

96 

a 

vaf. ihWduM, typB I2 


34 

0 

66 

M 

var. a/6icra, type 16. 


0 

0 

100 

S 

var. eyraits, type 22 . 


0 

0 

100 

s 

vet- ewrMleweft, type 25 - -- - 


0 

0 

100 

8 



0 

0 

too 

8 

var Btiitar, type 29- . ... . 


100 

0 

0 

1 

var> pcd<e6fieoif type - - ■ 


100 

0 

0 

I 

var, ffflfiMifttfMf, type 4ft , 


100 

0 

0 

1 

var. eemfiiiMis, type48 


100 

0 

0 

1 
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TjkBM 8«~i2«ae^tan afporieHen of Idnum imlatissimum tojwoform of Mdampaara 

lini*^Coniinmd 


Group and variety 

0. 1, 
no. 

Xm« 

mune 

Besist- 

ant 

Suscep* 

tible 

General 
rust re* 
action 

t, ttsiteiiaHmEin (seed flax)— Continued. 

Petals, broad, fiat— Continued. 

Indian— Continued. 

Howard and Kahn (IS)— Continued. 

var. commupe, type 53......... 


Percent 

99 

Percent 

0 

Percent 

1 

I 

var, type — 


0 

99 

1 

R 

var. camjMifrf.f tiypa aa 


90 

1 

0 

I 

var* satiium, ty^ 121 

Shew, Khft«, Alan* (19), t3l'e 124 

710 

41 

29 

59 

71 

0 

0 

M 

M 

Mediterranean: 

Beladi - 

377 

75 

25 

0 

1 

Crete., ... 

31-1 

67 

28 

15 

M 

Cyprus — 

mi 

55 

4 

41 

M 

Giza.^::::. 

378 

100 

0 

0 

I 

Morocco. 

376-2 

96 

0 

4 

I 

Bussiah: 

Akmolinsk 

515 

11 

15 

74 

D 

Do..... - - 

520 

17 

3 

80 

D 

Billings 

184 

2 

2 

06 

S 

Crimen.... 

563 

27 

5 

68 

M 

'np;mnnt 

3 

99 

0 

1 

I 

Fergana... 

512 

0 

0 

100 

B 

Newland. ... ... 

188 

96 

8 

1 

I 

North 

620 

45 

13 

42 

M 

Novelty - 

Pale blue 

Samarkand 

Winter: 

winter nr... - - -- - - - 

140 

176 

514 

470 

0 

6 

5 

40 

19 

96 

16 

8 

81 

0 

79 

52 

S 

R 

D 

M 

Hybrid: 

Reserve X Morye ........ 

486 

19 

25 

56 

M 

Paginftw X Ottawa 770 B 

675 

100 

0 

0 

1 

Do 

676 

100 

0 

0 

1 

Do 

677 

100 

1 0 

0 

I 

Winona X Ottawa 770 B..... - 

651 

100 

0 

0 

1 

Do 

652 

100 

0 

0 

1 

Do 

1 653 

100 

0 

0 

I 

Do 

654 

02 

0 

8 

1 

Do 

656 

100 

0 

0 

I 

Do 

657 

100 

0 

0 

1 

Do 

668 

98 

0 

2 

I 

Do 

660 

3 

0 

97 

S 

Do - 

661 

97 

1 

2 

1 

Do.... 

662 

100 

0 

0 

I 

Do 

664 

100 

0 

0 

1 

Do 

667 

100 

0 

0 

I 

Do 

671 

100 

0 

0 

I 

Do 

672 

100 

0 

0 

I 

Do 

673 

100 

0 

0 

1 

Do 

674 

100 

0 

0 

I 

Do 

681 

100 

0 

0 

I 

Do 

682 

100 

0 

0 

X 

Do., 

697 

100 

0 

0 

1 

Do 

711 

2 

34 

64 

M 

Do 

716 

100 

1 0 

0 

I 

Plata - - 

324 

91 

5 

4 

I 

Long No. 125.. ..................... 

856 

40 

0 

60 

M 

North Dakota 4004A.......... 

492 

03 

4 

3 

I 

Tammes light blue.... — 

332 

100 

0 

0 

I 

'Pammes i>ale blne-«.xx--Tx— xr- r-x - . - -x -- 

333 

07 

0 

8 

I 

Petals, narrow, margins crimped' > 

Eoru<*oliv6 * seM...... — 

325 

0 

0 

100 

s 

Minnesota 25~125..... - 

392 

0 

0 

100 

s 

Minnesota 29*^9...... - ........ 

684 

100 

0 

0 

I 

Minnesota 2&~55 — 

685 

24 

0 

76 

s 

Minnesota 2^76... 

686 

100 

0 

0 

I 

Minnesota 29*45.. 

i 687 

100 

0 

0 

I 

Dtfiava 770 B . __ ^ 

355 

100 

0 

0 

I 

Ottawa 829 C... — — - 

891 

0 

0 

100 

s 

Pale blue. 

646 

4 

0 

87 

8 

Tammee crimped X r - - -rx x x 

330 

0 

0 

100 

8 

** Very Dale blue crimped^' 

047 

5 

31 

64 

D 


< The ward *^orlmped** is bera used to describe tbe petal margins, which are incurved and somewhat 
^^muwAY, B. COLOE efAKpAEDs AKD coLOE KOifSNCLATUBi. 48 pp., filus. Washington, p. 0. 
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TabIi® 3. — BeaeHon of mrieiw cf Linum uoiiaiUsimum to fioeformo of MeUunpsora 

Uni — Continued 


Group und vorioty 

H 

Im- 

mune 


Bj 

General 

ant 

rustxe- 

actien, 

L. uifMinivium (Sbor Sax) ; 

Petals, narrow, margins crimped-^Continued. 
Bine-flowered: 

A1thftniu|in _ 

628 

Percent 

0 

Percent 

0 

Percent 

100 

93 

S 

s 

Do 

680 

7 

0 

Tkalgii;inAtft • * 

408 

0 

0 

100 

92 

89 

s 

s 

P. I, No. 8 

604 

2 

3 

6 

J, W. S.,» P. P. I. 78860 

888 

g 

J, w. s 

708 

16 

0 

84 

D 

Peorless.... - — 

605 

1 

0 

00 

s 

Sa^naw... 

440 

7 

3 

00 

8 

8 

White-flowered: 

Prieeland white... 

56-1 

0 

0 

100 

Minnesota 28-64... 

420 

0 

0 

100 

s 

Pinnadle....... .... - - - 

603 

0 

2 

98 

s 

Saginaw white.. 

448 

0 

0 

100 

s 

Tammes white ... - 

820 

0 

0 

100 

s 

Tammes yellow seed 

331 

0 

0 

100 

s 

Pink-flowered: 

Deep pink..... 

648 

0 

0 

100 

S 

Pale pink 

470 

0 

0 

100 

8 

TaUplnk 

451-8 

0 

1 

09 

8 

Do 

451-3 

0 

0 

100 

8 

Tammes deep pink... 

334 

0 

0 

100 

B 

Do 

336 

0 

0 

100 

8 






• J. W. S. are the initials of J. W. Stewart, the originator of the variety. 


When 75 percent or more of the tested plants in a variety fell into 
a single reaction class, the variety, if not differential, was tnought to 
possess the reaction of that class; when less than 75 percent of the 
tested plants fell into a single reaction class, the variety was considered 
as too heterogeneous to be classified and was termed ^'mixed/^ 
Approximately twelve 30-day-old plants of each variety were inocu- 
lated with each rust form, and in cases where the classification was in 
doubt the tests were repeated. The percentage figures, therefore, 
are based on the reaction of 60 or more plants. 

The lack of genetic purity of the varieties for rust reaction was one 
of the striking features of this test. Thirty-nine varieties were pure 
for rust immunity, but twenty-two of these were Minnesota hybrids 
that had been selected particularly for this quality. Twenty-two 
additional varieties had mm 75 to 99 percent of the plants immme. 
Twenty of these were classed as immune and two as differentials. 
In a majority of the varieties included in this group most of the plants 
lacking immunity were highly resistant. Fifty-three varieties were 
pure for susceptibility. An additional 22 had from 75 to 99 percent 
of their plants susceptible. Nineteen of these were classed as suscep- 
tible ana three as differentials. Seven varieties were classed as r^st- 
ant, 3 of which were pure for resistjmce and 3 showed plants either 
resistant or immune. Fourteen varieties were so heterogeneous that 
they could not be classified as to predominance of reaction, and wwe 
classed as mixed. * Additional dirorentials might have been obtained 
from this last group, but their reactions to the five forms did not 
indicate them to be such. Thirteen varieties wem found to contain 
rust-differentiating strains, and were classed as differential varieties. 

The varieties and strains included in this test do not exhaust tto 
possibilities for obtaining immune, resistant, or susceptible lines in 
any of the grou|m. These varieties were chosen because they were 








V<A, 5I> no. i 


i»4 



of iho giOufM and of diverse geographical oti^ or 

oeoause they possessed commercial possibilities, and they prtmably 
Kpa representative of their respective groups in regard to rust reaction. 
The dehiscent flaxes, Lirmm imtatUsimum var. crepitans, were pure 
for rpst susceptibility. This was the only major group in which 
all varieties and strains were conristently pure tor one type of rust 
ration. The American blue-flowered and white-flowered seed flaxes 
and the white-flowered and pink-flowered fiber flaxes were predomi- 
nantly susceptible, but some varieties in both of these groups possessed 
plants that were either resistant or immune. The Abyssmian va- 
rieties and the blue-flowered fiber flaxes also were predominantly 
susceptible, but most of the varieties in these groups were mixtures 
in which some plants were either resistant or immune. The Saginaw 
X Ottawa 770 B hybrids were pure for immunity. The Winona X 
Ottawa 770 B hybrids and the Mediterranean and Argentine varieties 
were predominantly immune, but a number of varieties in these 
groups possessed plants the reactions of which ranged from com- 
plete immunity to extreme susceptibility. The other hybrids and 
the Russian varieties were heterogeneous jn reaction, most varieties 
in these two groups having plants falling into all three rust-reaction 
categories. Varieties with petal maigms crimped were relatively 
pure for rust reaction. 

STABILITY op PHYSIOLOGIC FORMS 


Physiologic forms 1 to 4 of Mdampsora Uni have been in culture 
for approximately 4 years and have passed through 20 to 30 uredio- 
spore generations. In none of these forms nor in any of the others 
tnat have been studied has there been any indication of a change in 
pathogenicity. 

DISCUSSION 


The effect of the discovery of physiologic forms of Melampsora Uni 
on measures to control this rust through the development and use of 
resistant varieties is, of course, problematical. Thus far, 14 physio- 
logic forms have been distinguished by the reaction of seven differen- 
tia hosts. It seems probable that more forms will be isolated when 
additional differentials are discovered and when more rust collections 
are studied. Allen (/) has shown that M. Uni is heterothallic. The 
importance of this phenomenon in the origin of new forms of flax 
rust is not yet known. However, it has been demonstrated {16, 2il) 
that the aecial stage on the barberry is a fertile field for the develop- 
ment of new physiologic forms of Puccinia ^aminia trUici Eriks, 
and Horn, ^ce the process of aecial formation in the two rusts is 
comparable, there is no reason to believe that new forms of M. Uni 
may not ordinate in the aecial stage on flax. The destruction of the 
cmmnon barbeny, the aecial host of P. graminia Pers., would effec- 
tively prevent toe production of new forms of P. graminia by hy- 
bridisation. M. Uni, however, is a eu-autoecious rust, and therefore 
to preclude the opportunity for the development of new rust forms 
^hrou^ hybridization would necestitate the complete destruction of all 
rusted portions of flax plmits from previous crops, an impracticjable 
task. 



Although Melrnipsora Hni to be highly specialized, not 

only on various other species of Linum (d, S, S, J7), but, as has been 
demonstrated by the present tests, on Z. usitoHssimum, and although 
it possesses abundant opportunities for hybridization and the subse- 

a uent development of new forms, the prospects of rust control through 
lie development of resistant varieties appear to be bright. The 16ff 
varieties of flax showed surprisingly little specific resi>onse to five 
forms of flax rust. This is the more remarkame when it is considered 
that these 166 varieties represent^ the fruit of a systematic effort to 
obtain diverse types of i. usitcUisdmum from all parts of the worid. 
Of the 165 varieties, 162 gave no indication of possessing rust-differ- 
entiating potentialities. Sixty-one varieties were predominantly 
immune from all five forms with which th^ were tested. Since these 
immune varieties comprised a number of flax types, and since Henry 
(10) has shown that immunity from flax rust is transferred inde- 

f iendently of wilt resistance or morphologic type, there should be no 
ack of immune breeding material. 

The breeding program, already in progress, for the development of 
rust-resistant varieties of flax, appears to rest on a sound basis. 
Henry (10) found.-Ottawa 770 B and certain strains of Williston 
Golden and Argentine to be immune from rust. In the present inves- 
t^ations, certain forms of rust were found to attack all strains of 
Wflliston Golden, but Ottawa 770 B and certain Argentine selections 
have been consistently immime. Henry used only the latter two as 
rust immune parents in his breeding work, and most of the Min- 
nesota selections that have been derived from these crosses were 
immune from the five forms of rust with which they were tested. 
Thus far, there has been no evidence of the existence of a form of 
flax rust capable of attacking Ottawa 770 B, certain Argentine 
selections or varieties possessing similar factors for resistwice. 
Nevertheless, it would be desirable to subject these immune varieties 
to rust collections from other parts of the world to determine whetlier 
forms capable of attacking them exist. Stakman, Levine, ^d 
Bailey (21) found White Tartar oats resistant to all forms of Puccinia 
gramlnis avenae Eriks, and Henn. collected in North America, but 
susceptible to forms of this rust obtained from Sweden and South 
Africa. If forms of Melammora Uni capable of attacking the immune 
flax varieties of the Unitea,^tates exist in other parts of the world, 
measures should be taken to assure their exclusion from this country, 
since it has been demonstrated that teliospores on bits of straw and 
chaff that are often present with the seed are carriers of flax rust (10), 
The heterogeneous rust reaction of so many of the varieties was 
surprising. Apparently natural hybridization plays a more important 
role than has sometimes been supposed (4) or else the nursery tech- 
nique is at fault. It appears more probable that the former is the 
case. Henry and Tu (12) found, under conditions at St. Paul, Minn., 
that natural crossing between v^ieties in adjacent rows or even m 
rows several feet apart was too important a factor to be neglected. 
Apparently, this condition prevails m other localities, since 70 of the 
165 varieties studied gave heterogeneous rust reaction. Bamng of 
individual plants and isolation qi the separate^ varieties in the field 
may be necessary in order to insure the maintenance of vawtm 
purity. It is possible that a test to determine rust reaction, made in 
conjunction with the certification of rust-resistant vaneties, would 
aid matmally in maintaining varietal purity. 
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SUMMARY 

StxaiBs of Buda (C. I. 270), Wiiliston Golden (O. I. 25), Williston 
Brown (C. I. 803), Akmolinsk (C. I. 515), J. W. S. (C. I. 708), Kenya 
(C. I. 709), pale blue crimped” (C. I. 647), Ai^ntine (C. I. 

705), and Abyssinian (C. X. 701) have been selected as differential 
varieties for the identification of physiologic forms of Melampsara 
lini (Pers.) L6v* on Linum uaUcAia^mum L* 

From 99 coBections^ of Melampaara lini made in the United States 
and Canada, 14physiolomc forms have been distinguished by the 
reaction of the differential varieties named above. 

Several forms of the rust were foimd to be widely distributed in 
Minnesota, North Dakota, South Dakota, Oregon, and Manitoba. 
In several localities more than one form was found. 

In the 4-year period covered by these investigations four rust forms 
have passed through 20 to 30 urediospore generations without any 
apparent change in pathogenicity. 

Pathogenicity tests indicated that as a rule flax varieties are not 
specific in their reaction to the different forms of rust. Of 166 varieties 
tested, only 13 gave differential reactions to five forms. 

Pathogenicity tests showed that many varieties were not pure 
lines in respect to rust reaction. Lines pure for this characteristic have 
been readily obtained by a process of plant selection. 
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INTRACAPSULARY BOLLS IN ASIATIC COTTON ‘ 

By R. E. Bbckbtt 

Principal teimtifie aid, Dwiiion of Cotton and Other Fiber Crops and Diseases 
Bureau of Plant Industry, United States Department of Agriculture 

INTRODUCTION 


The presence of an abnormal growth in cotton boUs, which was 
interpreted as a formation of supernumerary carpels, was reported 
by Meade ^ in 1913 and described as follows: 

In its simplest form the abnormality consisted of a solid, elongated, whitish 
body, developed in the center of the boll between the placentae. In many 
instances, however, this body was divided into from -two to five longitudiniu 
compartments, resembling miniature looks, which inclosed rudfanentary ovides. 
In some cases it extended nearly the entire length of the boll, but was always 
unattached except at the base. 

One upland cotton boU was observed by Meade at Clarksville, 
Tex., in which this abnormal powth was sufficiently developed to 
form a small rudimentary boll containing two apparently mature 
seeds.* 

At the United States Acclimatization Garden, Bard, Calif., in 
1932 and 1933, numerous rudimentary bolls were observed in the 
bolls of a strain of OossifpiuTn herbaceum L. introduced from Tashkent, 
Uzbek, Union of Soviet Socialist Republics. These rudimentary 
bolls are described in the present paper. No observations were made 
of the bolls produced by this strain of cotton prior to 1932, but simple 
forms of the abnormal growth were present in a few of the bolls saved 
for herbarium specimens during 1930 and 1931. Simple forms of this 
abnormality were also observed in the bolls of two other stra^ of 
G. herbaceum and in a few bolls of 6. damdsmi Kellogg grown in the 
same field in 1932. Numerous bolls were examined in 1932 and 1933 
of other strains of 0. herbaceum, G. hirsvium L., 0. barbadense L., 
G. nanking Meyen, G. negleetum Tod., and several other species of 
cntton, but no indication of this abnormd growth was observed. 
However, simple forms of this abnormality have been obse^ed 
frequently in varieties of upland cotton in other localities and in a 
few boUs of 0. barbadense at Glen^e, Calif.* 

The term “supernumerary . carpels” does not adequately describe 
this abnormal growth when It reaches such a stage of development 
that small rudunentary bolls are form^. Therefore, in this paper 
the term “supernumerary carpels” has been applied to the sunple 
forms of this growth (fig. 1, A), and the term “intrac^sulary 
bolls” has been used in cases where the growth was sufficiently 
developed to form small rudimentary bolls (fig. 1, O. 


‘ I^lved tor publication JtUy 1, IWW; Issued January 1986. „ „ ^ 

* MRADI, B. N, SUPlRNUlCBftABY CARPELS W COTTON BOLLS. U. 8. DCpt. AgT., Bur. Plant IndUS. 

Clro. Ill: 26-28, illus. 1918. . , ^ « u 

* A study of Rupmumerary carpels, in relation to the general morphol^y of the cotton boll, has been 
made by W. W . BaUard, of file Bureau of Plant Industry. (Unpublished: data.) 
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DESCRIPTION OP INTRACAPSDLARY BOLLS 

Fourteen intracapsulazy bolls were found on tbe five {fiants of 
Qoasymum herbaeeum ^wii^ at Bard, Calif., in 1932, fmd ^ closely 
resemoled in color and structure the normal bolls in which they were 
produced. The outer tissue was rather thin but was dottea with 
npmerous oil glands. Some of the intracapsulaiy bolls were of normal 
sl^)e, but oth^ were somewhat lop-sided from being pressed against 
the placentae of the bolls in which they were produced. They ap- 
peared, from the outer surface, to be divided into 2. 3, or 4 carpels. 


taming 


placentae ' 


iciently 


developed to form separate carpels, and the seeds were attached 
near the base of the bolls. In a few cases a very slender structure 
was observed to extend upward from the apex of the intracapsulary 
bolls; this probably had the function of a style and conducted the 
pollen to the ovules. 

The seeds, which were slightly rounder and in some instances 
larger than those produced in the normal bolls, were covered with 
the usual coating of short fuzz, and all but two had lint that ranged 
from 12 to 24 mm in length. Ten of the nineteen seeds that developed 
in the intracapsulary bolls germinated when planted in 1933 and 
produced normal healthy plants. In addition to the seeds, a number 
of rudimentary ovules were developed in the intracapsulary bolls and 
supemumeraiy carpels. 

The size of bolls, number of seeds per boll, number of boll divisions, 
and the length and qudity of lint in the intracapsulary bolls and in 
normal bolls are given in table 1. Figure 1 shows the various stages 
of development in the bolls. 

TABtx 1 . — Size of hMt, number of eeede per boll, number of boU divisions, and 
length and quality of lint in intracapsulary boUs and in normal boUs of Gossypium 
herbaeeum at Bard, Calif., 19SS 


Quality of lint 


BoU no. 

Size of bolls 

Ungth 

Seeds 
per 
boll . 

Boll 

divi- 

sions 

Length 
of lint 


Mm 

Mm 

Number 

Number 

Mm 

1 

6 

9 

1 

2 


2 

8 

10 

1 

2 


3 

10 

9 

1 

3 

23 

4 

9 

U 

1 

2 

22 

5 

12 

11 

2 

4 

f 16 

1 17 

6 

7 

10 

1 

3 

16 






1 

7 

14 

17 

3 

4 

{ 20 






1 20 

8 

8 

10 

1 

3 

19 

9 

7 

11 

1 

2 

24 

10 

13 

15 

2 

4 

r 19 

1 19 

11 

11 

13 

1 

3 

18 

12 

11 

14 

2 

4 

f 20 

1 21 

18 

12 

12 

1 

4 

17 

14 

8 

10 

1 

3 

12 

Moan for normal boUs.... 

27 

25 

IMO 

3-5 

25 
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Figure 2 rfiows bolls witii seed cotton removed. As viewed from 
outside, 4 of- the intracapsulaiy bolls appeared to be divided into 2 
carpels, 5 into 3 carpels, and 6 into 4 carpels. Ten bolls contained 
1 mature seed each, 3 contained 2 seeds each, and 1 had 3 seeds. Or^ 
the 17 seeds that produced lint, the shortest lint was 12 mm and the 
longest 24 mm. The smallest intracapsulaiy boll was 6 mm in diam- 
eter and 9 mm in length, and the largest was 14 mm in diameter and 
17 mm in length. The normal bolls of this strain have from 3 to 5 
carpels and produce 18 to 30 seeds with lint averaging 25 mm in 
length. The normal bolls average 27 mm in diameter and 25 mm in 
length. It will be noted from these measurements that the normal 
bolls are broader than long, whereas 11 of the 14 intracapsulary bolls 
were longer than they were broad. This was probably due to the 
fact that the intracapsulaiy bolls could develop more easily along 
the placentae of t^ bolls that mntained them than they could 
expand against the placentae. The placentae in some of the bolls 
were pressed back, forming a crescent or half circle, by the develop- 
ment of the intracapsulary bolls. 

OBSERVATIONS IN 1933 

Observations were made in 1933 with the strain of Gossypium 
herbaeeum from Tashkent to ascertain (1) what effect seasonal changes 
have on the development of supernumerary carpels and intracapsulary 
bolls, (2) whether the frequency of supernumerary carpels ana intra- 
capsulaiy bolls changes as acchmatization proceeds, and (3) whether 
the abnormal growth character is hereditaiy. For these observations 
the 1932 plants were ratooned in the spring of 1933, and additional 
plantings were made on April 13 with original seed from Tashkent 
and with seed acclimatized 1,2, and 3 years at Bard. A planting with 
seed acclimatized 2 years at Bard was also made at the United States 
Acclimatization Field Station, State College, N. Mex.* 

The seed acclimatized 1 year was produced during 1930, and the 
seed acclimatized 2 years was produced duimg 1931 from the 1930 
seed grown at Bard. The planting made in 1933 with these two 
seed stocks was from random samples. The seed acclimatized 3 years 
was produced in 1932 from the seed grown at Bard in 1930 and 1931, 
and the seed used in the 19% plantmg was from the intracapsulary 
bolls produced in 1932. 

EFFECTS OF SEASONAL OKVNGES AND ACCLIMATIZATION 

The seed planted April 13, 1933, germinated readily and the seed- 
Imgs made rapid growth. The plants began flowering m June and con- 
tinued until October. The first bolls matured m August and the last 
in November. The 1932 plants were ratooned in March 1933 and by 
May had begun flowering, which continued until October. The first 
bolls on these plants matured in July and the last in November. 

In order to determine the effect of seasonal changes on the pre^ 
once and development of the abnormal grovrth character, the pmcd 
during which the bolls matured was divided into four 30-day penods. 
During the first period, July 4 to August 3, the ratooned plants 
matured 261 bolls, of which 50, or 19.15 perc^t, contained supw- 
numeraiy caipels. No boils were matured during this period by the 

* Pkatlng was made and data were etdleoied by A* B, l 4 ding» chief sclentlflo aid. 
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plants of the 1933 planting. During the second period, August 4 to 
September 3, supernumerary carpels were present m 36 percent of the 
bolls matured on the ratooned plants and m 42.1, 42.7, 42.2, and 41.2 
percmt of the bolls matured on the plants grown in 1.933 from the 
oii^al imported seed and from seed representing 1, 2, and 3 years of 
acdimatization, respectively. Not only did the percentages of bolls 
containing supmiumerary ca^ls increase during the third and fourth 
periods, from September 4 to October 4 and from October 5 to Novem- 
ber 4, but the abnormal growth was considerably more developed, a 
total of 130 intracapsulary bolls being produced. These data (table 2) 
were recorded collectively for all plants of each seed stock, but no 
plants were observed that did not produce a fairly high percentage of 
such bolls. 


Table 2. — Effects of seasonal changes and acclimatisalion on nutnber of boUs 
containing supernumerary carpels and intracapsulary boUs at Bard, C(dif., 19S3 


Seed stock 

Year 

planted 

Plants 

Period of maturity 

Total 

Bolls 

With 

super* 

nu- 

merary 

carpels 

Intra- 

capsu- 

lary 

Bolls 

con- 

taining 

super- 

nu- 

merary 

caipels 

andin- 

tracap- 

BUlary 

bolls 

Orteinal seed imported ftom 
Tmion of Soviet Socialist 
Republics. 

Do 

1-year acclimatised seed 

2>year acclimatized seed 

8*year aodimatieed seed 

|u932 

1033 

1933 

1933 

1933 

Number 

6 

3 

9 

6 

6 

(July ^Aug. 3 

Ang. 4h8ept. 3 

Sept. 4-Oct. 4 

Oct. 3-Nov. 4 

Aug. 4-Sept. 3 

Sept. 4-Oct. 4 

Oct. fr-Nov. 4 

Aug. 4-Sept. 3 

Sept. 4-Oct. 4 

Oct. 3-Nov. 4 

Aug. ^Sept. 3 

Sept. 4-Oct. 4 

Oct. 6-Nov. 4 

Aug. 4-Sept. 3 

Sept. 4-Oct. 4 

Oct. 5-Nov. 4 

Number 

261 

211 

188 

86 

76 

126 

107 

178 

266 

422 

64 

84 

99 

83 

71 

189 

Number 

60 

76 

131 

60 

82 

90 

81 

74 

206 

323 

27 

66 

76 

36 

63 

148 

Number 

0 

0 

10 

9 

0 

8 

13 

0 

16 

41 

0 

6 

11 

0 

6 

13 

Percent 

19.16 

30.0 

76.0 

90.0 

42.1 
78.4 
87.9 
42.7 

83.1 
86.3 

42.2 

84.6 
87.9 

41.2 

81.7 

86.2 


I The 1032 plants were ratooned In the spring of 1033. 


The increase in the number of supernumerary c^els as the season 
advanced^ and the development of the extreme intracapsulary boll 
stage during the latter part of the season indicate that differences in 
conditions durine the season induence this abnormal development. 

Data collected on the seven plants observed at State College, 
N. Mex., in 1938 showed that of a total of 340 bolls which matured 
172 contained supemumeraiy carpels and 3 contained intracapsulary 
bolls with one mature seed each. The percentage of boUs contiuning 
supemumeraiy carpels and intracapsulaiy bolls for these seven plants 
varied frtnn 28.5 to 65.8 percent, witii a mean of 51.5 percmt. 

No difference was noted in the degree of development of the super- 
numemy caipds and intracapsulary bolls produced by the plants 
grown from the origi^ seed stock and from seed represent^ 1, 2, 
aM 3 years acclimatisation at Bard, nor were there any significant 
(Mertoces in the percentages of bolls tiiat oontuned tlw ^normal 
growth. 
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The number of intracapsulary bolls having 2, 3, or 4 boll divisions 
and the number having 1, 2, or 3 mature seeds are given in table 3. 

Tablb 3. — Number of intracapstdary bolls with g, S, or 4 divisions and number of 
these bolls containing t, 2, or S mature seeds, Bard, Cal^., 19SS 


Intracapsulary bolls with indicated number of- 


Seed stock 

Year of 
plant- 
ing 

BoU divisions 

Seeds per boll 



2 

3 

4 

1 

2 

3 

Original seed imported from Union of Soviet 

Socialist Republics 

Do 

1- year acclimatized seed 

2- year acclimatized seed 

3- year acclimatized seed - 

11932 

1933 

1933 

1933 

1933 

Number 

3 

6 

14 

3 

4 

Number 

13 

13 

38 

12 

11 

Number 

3 

2 

4 

1 

3 

Number 

16 

19 

49 

14 

14 

Number 

4 

2 

6 

2 

3 

Number 

0 

0 

1 

0 

1 


t The 1932 plants were ratooned in the spring of 1933. 


HEREDITARY CHARACTER 

The observations made at Bard, Calif., and at State College, N. 
Mex., indicate that in the strain of Oossypium herbaceum from Tash- 
kent abnormal boll growth is a hereditary character, but apparently 
it is of such a nature that its expressions are largely Muenced by 
environmental conditions. The effect of environment is shown by 
the increase in the percentage of bolls that produced supernumerary 
carpels and the development of intracapsulary bolls as the season 
advanced. 

SUMMARY 

The presence of supernumerary carpels in cotton bolls is not an 
uncommon abnormality in most types and strains of cultivated cot- 
tons. Usually the growth is limited to a white slender body extending 
through the center of the boU from the base itimost to the apex. 
However, at Bard, Calif., in 1932 and 1933, this abnormal gro^h 
was observed in various degrees of development in a large proportion 
of the bolls of a strain of GossypivM aerhdcevM introduced from 
Tashkent, Uzbek, Union of Soviet Socialist Republics. In some 
of the bolls the growth was developed to the extent of forming small 
intracapsidary bolls containi^ from 1 to 3 mature seeds which were 
covered with lint of fair quality. , . v • xi. 

These intracapsulary boUs closely resembled the bolls m which they 
were contained in appearance, color, and shape. As view^ from 
outside they appeared to be divided into 2 to 4 carpels, but the 
placentae were not sufficiently developed to form separate carpels. 

The abnormal boll growth observed in this strain of Oossypium 
herbaceum appears to be a hereditary character, but of such a nature 
tiiat its expression is largely influenced by environments conditions. 
The environmental effects are shown by tne increase m the percent^e 
of bolls containing supernumerary carpels and in the development oi 
intracapsulary boUs as the season advanced. 
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INTRODUCTION 

In studying the effect of raxioiis ecological conditions on the pun- 
gency of onions it became necessary to develop a method by means 
of wluch pungency could be measured more accurately than can be 
done by the ordinary tasting test. 

It is generafly known that onions and other members of the genus 
mturn owe them pungency and particular taste to an essentwl oil 
that IS specific for ewh species. The volatile oil of AUium eepa L. 
was first invMtigated by Semmler * in 1892. He demonstrated the 
extoemdy high d^ee of pungency by showing that this oil occurs in 
omons in a concentration of only about 0.005 percent. After dis- 
tdhn^.OOO kg of onions he was able to obtain only 233 g of the crude 
oil. Determining some of the physical constants and the chemical 
composition of the mide oil, Semmler showed that the principal 
constituent of the oil is allyl-propyl-disulphide 

CaH,-S 

The crude oil was found to contain 43.37 percent of sulphxu*, while 
the sulphur content of pure allyl-propyl-disulpMde is 43.26 percent. 
Although Semmler studied some of the chemical properties of onion 
oil he did not develop any analytical procedure by which the oil could 
be measured quantitatively in different lots of onions. 

DEVELOPMENT OF THE METHOD 

A relatively simple method for determining the volatile sulphur in 
plants was proposed by Peterson.® Accormng to this method a 
stream of air is passed through a wide U tube containing the plant 
tissue and heated to 100° The volatile sulphur is carried away by 
the air stream and is absorbed in a tube containing copper oxide 
filings which are thus reduced to copper sulphate. After the copper 
sulphate crystals have been dissolved the sulphate is determined by 
precipitation with barium chloride. 

In order to t^t the dependability of this method two lots of 600 g 
of finely cut onion tissue were dried in a ventilated oven at 60° and 
at 100° C. for 24 hours. The dried residue was then hydrolyzed and 
the amou nt of volatile sulphur which remained was determined by 

> Reoeivod for publication July 25. 1935; issued January 1936. Contribution 130 from Department 
0^ Vegetable Orops. New York (Cornell) Agrioultuz^ Experiment Station. 
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the distillation method described later. It was found that heating 
St 60® had removed only 77.7 percent of the volatile sulphur originally 
present, and that heatme at 100® had removed 88.3 percent. While 
this method may give a^ndable resiilts with other plant tissues 
which are rdatively low in volatile sulphur, it is obvious- that it cannot 
be used to measure the pungency of onions. 

Realizing the close chemical relationshm between onion oil and 
mustard oil, the writer next investigated a method proposed by 
Dircks * and improved by Schlicht * which has become a standard 
metiiod for the determination of mustard oil in rapeseed cakes. In 
this procedure the oil is first liberated from the glucoside by acid 
hy^lyds, then distilled into a solution of alkaline perma^anate 
which readily oxidizes the sulphides of the oil to sulphate, l^e ex- 
cess of permanganate is destroyed by the addition of alcohol, the 
precipitate of manganese dioxide is filtered off, and the sulphate is 
precipitated from the clear, acidified filtrate with barium chloride. 



FiouBS l.~>i^paratus used in the determination of volatile sulphur in onions: a, 2-liter round-bottom, 
short-neok flask; 6, 1-liter round-bottom flask oontainJng 6 cc of bromine and 5 co of water; c, trap; d, 
flask containing dilute sodium hydroxide for absorbing bromine fumes driven off during heating. 


In_appl 3 dng this method to the determination of volatile sulphur in 
onions it was found that, while the results were satisfactory if proper 
precautions were taken, it was difficult to remove all traces of the 
manganese dioxide precipitate from the filtrate and also to prevent 
partial reduction of the sulphate after the addition of alcohol. 

In an attempt to eliminate some of the difficulties encountered in 

3 this metiiod several other oxidizing agents were tried, and 
y it was found that when the onion oil is distilled directly into 
satmated bromine water tiie sulphides present are rapidly oxidized 
to sulphate. The excess of bromine is easily driven off by heating, 
the small sulphur-free residue is filtered off, and the sulphate is pre- 
cipitated from the filtrate with barium chloride. As compared with 
the permanganate method this procedure not only gave more accurate 
results but also required considerably less time, ^e details of this 
method are a» follows: 

Select a representative sample of at least 20 onions. Take one- 
fourth or one-half of each bulb and slice these sections into slices not 

1 DntCKS, V. flaiR pas VORKaMlISN PSR ICYRONSXUBS PKO PIS BESTIKMUNO PXS PARAU8 QEBltPSTSN 
SEKf 5L8 IN PEN BAH EN PEE CBPCITBREN UNP IN PEN bSLEUCREN. Laudw, VerS. StB. 28: [179^200. 1888. 

ISqBI|CHT,A. ElNBBmiAOZUBBBPRTSILnNOPERBAPBVPCHBNNAOBmBEHSENyflLOEaAPr. LandW. 
Vbtb. StB. 41: U76H90. fllus. 
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flicker thAn one-half c^timeter. Mix tihe material and wrigh out 
exactly 500 g. Transfer the sliced material to a 2-liter, round-bot- 
tom, short-neck flask (fig. 1, o). Add 100 cc of concentrated hydro- 
chloric acid and 250 cc of water. Submerge the flask in an oil bath 
to the level of the onion mixture and connect with a staraight-tube 
condenser. To the lower end of the condenser attach a delivery 
tube which reaches' to the bottom of a 1-liter, round-bottom floair 
(6) containing 5 cc of bromme and 5 cc of water. An outlet tube 
from the receiving flask Ic^ to a trap (c) and from there to a flask 
(d) containing dilute sodium hydroxide to absorb bromine fumes 
which may be driven off during heating. 

Heat the oil balh until it has reached a temperature of 122° to 
124° C. Maintain at thk temperature for 3 hours. Du ring t,hin 
period distillation should proceed very slowly and about 200 cc of the 
distillate should collect in the recrivu^ flask b. At the end of 3 
hours remove flask a containing the onion mixture from the oil bath; 
cool, and add 500 cc of water and 300 g of sodium chloride. While' 
rotating the flask vigorously, add slow^, not more than 10 cc at a 
time, enough 50-percent sodium hydroxide almost to neutralize the 
mixture (about 95 cc) using litmus paper as an mdicator. Again 
connect the flask to the condenser, heat the oil bath to 135°, main- 
tain at this temperature for 1 hour, then raise the temperature to 
145° and distill until 800 cc have collected in the receiving flask. 
Rinse the condenser and the delivery tube, stopper the receiving 
flask, and allow it to stand overnight. Add a few glass beads and heat 
veiy slowly on a Kjeldahl digestion rack or under a hood until all 
the bromine has been driven off. Transfer the distillate to a 1-liter 
beaker and evaporate on a steam bath to a volume of about 300 cc, 
or imtil the solution has become clear. Filter, wash the filter paper, 
and add 10 cc of bromine water to Ihe filtrate. Heat on a hot plate 
or steam bath to drive off the excess of bromine and evaporate to a 
volume of about 300 cc. 'W^e still hot add, drop by drop, stirring 
vigorously, 10 cc of a lO-percent solution of barium chloride. Con- 
tinue heatmg for 10 minutes. Cool, allow to stwd overnight, filter 
through ashless filter paper,^ and wash the precipitate until free from 
chlorides. Ignite the precipitate and filter and weigh as bmum 
sulphate. Make a blank determination if the reagents contain an 
appreciable amount of sulphur. , , , . 

Precautions: All rubber tubing ^d stoppers used in the d i s t i ll i ng 
apparatus should first be boiled in dilute alkali and then washed 
thoroughly to remove any adherent sutohur bloom. It is preferable 
to mkke connections by means of interchangeable ground-glass jointe. 
This is almost essmitial for the connection between the delivery tube 
and the receiving flask (jb). Where connections are made with rubber 
tubing the glass tubes should fit together as ^closely as possible to 
expose only a minitniiTin of rubber to the bromine. Rubber stoppers 
can be protected effectively by a coat of add-resistant stopcock 


grease. 


A second outlet from the distUliug flask _(a) proyid^ mth a stop- 
codt is useful in preventing possible sucking back of the distiliate 
when the boiling m»k is corned. 
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EXPERIMENTAL RESULTS 

In the following experiments, which were carried out in order to 
study the effect of modifying certain details of the procedure it was 
necessary to exclude the factor of individual variability of the sample, 
niis was done conveniently by slicing 12 or more bulbs, thorougnly 
mixing the material, and weighing out 2 or 3 aliquots of 500 g each 
which were analyzed by slightly different methods. 

EFFECT OF HYDROLYSIS ON THE YIELD OF VOLATILE SULPHUR 

At the outset of the experiment it was noticed that the distillation 
of onion oil proceeds extremely dowly unless the heated material is 
drst hydrolyzed mth dilute hymuchloric acid. This suggests strongly 
that onion oil, like mustard oil, occurs in the bulb in the form of a 
glucoside which has to undergo hydrolysis before the oil can be dis* 
tilled off. Table 1 shows that if hydrolysis is carried out by heating 
500 g of sliced onions with 100 cc of concentrated hydrochloric acid 
and 250 cc of water, hydrolysis is complete within 3 hours. Where 
the hydrolysis was omitted prior to distillation the amount of sulphur 
in the first 800 cc of the distillate was reduced to less than one-fifth. 
On the other hand, extending the period of hydrolysis to 6 hours 
failed to give a higher yield of sulphur than was obtained after 3 hours 
hydrolysis. 


Table 1. — EjBfect of hydrolysis on the yield of volatile 8ulpli,ylr 


Sample 

1 

Sulphur in first 800 cp^^tillate from 
SOOgofoiii^ner- 

No 

hydrolysis ^ 

3vhour 

hydrolysis 

6-hour 

hydrolysis 

A 

MiUigtam 

7.9 

9.3 

Milligram 

66.1 

56.6 

Milligram 

66.3 

65.8 





EFFECT OP HYDKOGEN-ION CONCENTRATION ON THE YIELD OF SULPHUR IN 

THE DISTILLATE 

Before the hydrolyzed oil can be distilled it is necessary partly to 
neutralize the mixture in order to prevent the distillation of appreci- 
able quantities of hy^ochloric acid which may later interfere with 
the proper precipitation of the sulphate. However, since protein 
sulphur is readily hydrolyzed in alkaline solution it is important to 
keep the mixture faintly acid. Table 2 shows that distillation from 
a neutral and an acid solution gave practically identical results, 
whereas the yield of sulphur was increased appreciably when the 
distillation was carried out from an alkaline solution. 
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'Table 2.-—Effea of hyirogm-ion concentration on the yidd of sulphur in the first 
800 cc of the distillate from 500 g of onions 


A 

B 


Sample 

Sulphar erhen approximate pH of mix- 
ture at the beginning of distillation was-- 

1.3 

6.5 

11.1 


Milligram 

38.1 

68.4 

Milligram 

36.2 

58.2 

Milligram 

47.3 

63.5 




RATE OP DISTILLATION OF VOLATILE SULPHUR 

The volatile sxilphur is separ^d from the onion mixture by means 
of steam distillation. This process is usually slow, and in order to 
hasten the rate'of distillation the boiling temperature of the. onion 
mixture was raised by the addition of 300 g of sodium chloride. The 
temperature of the oil bath was maintained at 145° C.; a higher tem- 
perature did not seem advisable since Semmler " found that onion 
oil decomposes at a temperature of 160°. In order to determine 
how much of the distillate should be collected to recover all of the 
volatile oil present, each 250 cc was collected separately during a few 
ex^riments. 

Table 3 shows that the distillation of the sulphur is stUl incomplete 
after 1,500 cc of the liquid has been distilled. However, the quantity 
of sulphur in the distillate becomes very small after 750 or IjOOO cc 
has been distilled. Nevertheless, when it is desired to determine the 
actual amount of volatile sulphur it would be necessary to collect 
2,000 cc or more of the distillate. On the other hand, when only 
comparative values are sought it seems hardly worth whde to distill 
such a large amount, especially since the rate of distillation appear 
to be fairly uniform for different samples of onions. The writer in 
his experiments arbitrarily chose 800 cc as the quantity of distillate 
which was to be collected for the determination of relative pungency 
in onions. 


Table 3. — Rate of distillation of the volatile sulphur 


Successive fractions 
of 250 cc 

Sulphur in succes- 
sive frac^ons of 
the distllnte 

Successive fractions 
of 250 cc 

Sulphur in succes- 
sive fractions of 
the distillate 

Sample E 

Sample F 

Sample E 

Sample F 

i 

First 

MUli- 
gram 
64.34 
7.52 
2. 57 

MiUi- 

gram 

50.06 

4. .66 
1.44 

Fourth 

MiUi- 1 
gram 
1.21 

Milth 

gram 

0.66 

Se^nd.. 

Fifth 

.70 

.40 

Third . 

Sixth 

.64 

.36 







PRECISION OP THE METHOD AND VARIABILITY OP THE SAMPLE 

To obtain some idea concerning the precision of the method, as 
well as the variability of the samme which JOAj be expected, a con^ 
mercial lot of Yellow Bermuda onions was divided into 5_groups, e^h 
containing 10 bulbs. Each group was prepared for analysis separately , 
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sad after idkang amd mudng liad been oonopld^d,' theae -lota were 
divided again into 2 separate samples of 500 g each, designated as 
A and B (table 4). Ihfferences between Hie analyBra of A and B 
illustrate the predHon of the method while Hie successive numbers of 
Hie samples magnify the variability of the samples. 

Tabls 4. — Volatile sulphur determinations on 6 samples of same lot- of YeUov> 
Bermuda onioru illustrating preeieion of the method and variabUitp of the sample 


Ttem 

Sample 1 

Sample 2 

Samples 

Sample 4 

Sample 6 

Ali- 
quot A 

AU- 

quotB 

Ali- 
quot A 

Ali- 

quots 

Ali- 
quot A 

Ali- 

quots 

AU- 
quot A 

Ali- 

quots 

Ali- 
quot A 

Ali- 
quot S 

Sulphur 

P.p.m, 

110 

P.p,m. 

106 

P.p.m, 

116 

P.p.m. 

117 

P.p.m. 

109 

P.p.m. 

Ill 

P.p.m. 

118 

P.p.m. 

116 

P.p.m. 

119 

P.p.m. 

122 


Table 4 shows that in every case the error due to the variability 
of the sample was greater than the experimental error. Unless a 
greater uniformity of the sample can be assured it seems advisable 
to take a laiger number of bulbs, perhaps 20 or 25, in order to obtain 
more accurate results. At any rate, it appears doubtful whether 
diff erences of less than 10 parts per million are significant. It must 
be realized, however, that (ufferences in the content of volatile sulphur 
between samples from several varieties were as a rule very much 
greater. While some samples contained as little as 28 pMis per 
million others yielded as high as 200 parts per million. 

DISCUSSION 

The proposed method for estimating the iplatiye pungency of 
onions is based on the assumption that the onion ml has a definite 
composition and that differences in the pungency of onions are due 
solely to quantitative differences in the percentage of oil present. 
This assumption seems justified since Semmler found that the onion 
oil 'consists almost entirely of allyl-propyl-disulphide, a definite 
chemical compound. Furthermore, the writer and Knott ^ found 
that wherever differences in pungency could be detected by the 
tasting test they were associated with corresponding differences in 
the content of volatile sulphur. 

As previously shown, during the distiUation of volatile sulphur, 
more than 1,5^ cc of the liquid must be distilled before all traces 
of volatile sulphur are removed from the onion mixture. It will be 
noticed in table 3, however, that after the first 1,000 cc have been 
distilled the quantity of sulphur in the subsequent portions of the 
distillate rapidly approaches a constant value, which in comparison 
with the total amount present is exceedingly small. It seems possible 
that these last traces of volatile sulphur are not derived from onion 
oil but are due to a second reaction, possiblv a very slow decomposi- 
tion of protein sulphur. At least, the trend of the distillation curve 
su^ests this explanation. 

^e primfipal advant^e of the proposed method is that in studying 
the factors determining the pungency of onions results can be expressed 


^Platiniob, and Knotv, J. E. rtTNoiNcr or onions in biution to vABtEtr anb ippLOoiOAt 
BACTOBS. Amsr. 000. Hort. 6ci. Proo. <1984) 82: 893-898. 1988^ 
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in numerical valuea which make it possible to compare onions of 
different varieties or bulbs grown under different ecological condi- 
tions. Preliminary experiments indicate that the same method, 
with slight modifications can be used to determine the pungency 
and the volatile sulphur content of garlic, cabbage, and possibly other 
vegetables which owe their specific taste to some volatile oil coni 
taming sulphur. 

Whue the method itsrif is relativriy simple it is time-consuming 
because of the slow process of steam’ distillation. Therefore it cannot 
be recommended as a routine method where large numbers of samples 
ere involved. 

SUMMARY 

A new and relatively simple method is described for estimating 
the volatile sulphur content and pungencj^ of onions. This method 
is based on the assumption that omon oil has a definite chemical 
composition, and that differences in the pungency of onions are due 
solely to quantitative differences in the amount of oil present and, 
indirectly, to the volatile sulphur content. The method possesses 
sufficient accuracy for the purpose, but since it involves steam dis- 
tillation it is time<consuming and cannot be recommended as routine 
procedure when a large number of samples is involved. 
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HISTOLOGY OP THE CARYOPSIS OF YELLOW DENT‘ 
CORN, WITH REFERENCE TO RESISTANCE AND SUS- 
CEPTIBILITY TO KERNEL ROTS ‘ 

By Helen Johann ^ 

ABBOciaie pathologist^ Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, United Stales Department of Agriculture 

INTRODUCTION 

Inasmuch as the kernel of com (Zea mays L.) is susceptible to a 
number of ear rot organisms, it has seemed advisable to obtain a 
picture of the histology of the normal spikelet and kernel as a basis 
for the study of various phases of the disease problem. This paper, 
therefore, outlines briefly the development and the microscopic 
anatomy of the caryopsis of dent com and is concerned primarily 
with those stmctures that may have a bearing on the problem of host 
resistance or susceptibility to fun^s diseases in general and to in- 
vasion by Diplodia zeae (Schw.) Lev. in particular. 


MATERIAL AND METHODS 


The hand-pollinated yellow dent com used in this study was ob- 
tained from the plots of the departments of plant patholow and 
genetics at the University of Wisconsin and from J. K. Holbert, of 
Bloomington, 111. Kernels both from strains that had shown them- 
selves over a period of years to be resistant to ear rots in the field 
and from those that under comparable conditions had proved sus- 
ceptible were collected during the summers of 1930 to 1933, inclusive. 
The first collections were made 2 days after pollination. Specimens 
were taken at intervals of from 2 to 7 days during the earlier periods 
of development of the kernel, killed in medium chromo-acetic solu- 
tion, formol acetic alcohol, or Gilson’s or Juel’s zinc chloride fixative, 
and embedded in paraffin by the alcohol-chloroform method.® Be- 
fore fixation, the healthy mature kernels were soaked in water over- 
night, and when softened the sides or distal ends of the kernels were 
trimmed so as to expose portions of the starchy endosperm to facilitate 
the penetration of the various fluids. « • j 

A simple method of overcoming the difficulty usually expenen^d 
in sectioning kernels approaching maturity is to soak the embedded 
material in water for from a few hours to overnight, after having 
trimmed the paraffin block in such a maimer as to expose the tissue 
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on the side to be cut. Seldom, however, can an entire kernel be 
successfully sectioned at one time, hence intermittent soaking and 
cutting are usually necessary. The sections were cut to a thi^ess 
of 8m to IOm- This method provided better sections than were obtained 
by the use of a hydrofluoric acid treatment as recommended for 
wheat kernels in an earlier paper (7).* 

The principal stains used were Flemming’s triple combination or 
safranine and light green following either chromoHSoetic or formol 
acetic alcohol fixative in the case of healthy kernels, and Delafield’s 
haematoxylin, safranine, and orange G after Gilson’s or duel’s fixative 
when dealing with infected kernels. Sudan III served to indicate 
the presence of suberized membranes. In case of a positive reaction 
to this stain, insolubility of the parts in question in 72-pep^nt H2SO4 
was considered additional evidence of the presence of suberinlike 
substances. 

The illustrations presented are imretouchod photographs and 
photomicrograplis. 

HISTOLOGY OF CORN KERNEL 

PISTILLATE SPIKELET 

It is well known that the pistillate spikelet of dent corn consists 
of two flowers, the basal of which is usually rudimentary and non- 
functional. Tlie aborted flower contains a rudimentary pistil and 
three rudimentary stamens enclosed by two thin folded glumes, the 
palet and lemma. In the fertile flower there are rudimentary stamens 
and a functional ovary, also encircled by palet and lemma, the whole 
being surrounded by the heavier outer glumes (fig. 1, A, B, C, D). 
These glumes constitute the chaff of the cob and mature grain. 

At flowering time, the ovary wall is composed of a number of rows 
of thin-walled cells containing considerable starch, an outer epidennal 
layer, and a somewhat thinner-walled inner epidermis. Two strands 
from the vascular elements of the pedicel traverse the wall on the 
germinal side of tlie ovary and pass into the two lobes 5f the s^e. 
In the style there is also a group of nonvascular cells that parallels 
each vascular bundle on its inner side. At the top of the.ovary these 
groups of cells leave their ^sitions along the vascular biindles, cross 
the ovary wall, and termin^e on its inner surface near the top of the 
ovular cavity (fig. 2, A, B), providing a pathway along which the 
pollen tube travels to the cavity of flie ovary. Miller, (6, p. 258) 
speaks of them as “sheathlike” cells and Randolph (8) finds an 
explanation for their presence in the manner in whi^ the three 
carpels have become fused to form the compound pistil. She con- 
siders the strands to be composed largely of epidermal cells. The 

< Heferenoe is mctde by number (italic) to Literature Cited, p. 882. 

EXPLANATOBY LEGEND FOB FIGURE 1 


-4, e. The outer slume subtendiuE the abortw flower bas been removed. Spikelet » wye wter 
pollination: o, Outer glame,* L ie iPii)roa of fertile flower; lemma of aborted floww; c and ® , rudimeni^y 
anthera of fertile and aborted flowers. Stained with triple staln,^ X 10. 

w outw glume, fixed 27 aays after pollination. The walls of 4be oeUs l^yond the eleme^ 

bare b^me mueb thickeiSj^e^^in the line of band^ 

elements in a position near the inner niaxglnrof ^e glume. Stained with trt^ stain. X 188. 
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Fioubk 2.— Sections from the top of the ovary. A, A portion of a longitudinal section of an ovaiv, fixed 
2 days after pohmation. The ovary wall is cut in a plane that includes parts of the stylar canal and of 
the group of ** sheathlike” oellSt along which the pollen tube travels to the cavity of the ovary, and one 
of the two vascular strands that extend into the silk, ef, Stylar canal; s, sheathlike cells; a, vuKmlar 
elements; e, oonaehap^ thickening of the outer integument at the base of the stylar canal; inner integu- 
ment; ff. nuoellus. Stained with safranine and light green. X 120. 3, Portion of a cross section of tlM 
ovary, showing the relative positions of the vascular elements and the sheathlike oells in the ovary wall 
near m base of the style: r, Vascular elements; «, sheathlike cells. Stained with triple stein. X,70. 

, C, Detail of the oone-shap^ folding of the outer integument at the base of the stylar canal. This section 
is fiom the ovary shown in A; c, f, and ft as in .4. Stained with safianine and fight green* X 450. 
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Tiodwe 3.— Ixmadtudinal Motions of oTorles, fixed 2 doys alter poUtaotton. 
witb tafrantne andlJi^t greens Xi2. 
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modified campylotropous ovule is attached for approximately one- 
<liird of its surface to the bottom of the cavitv of me ovary (fig. 3). 

The mteguments of the ovule are layers ox thiu-walled tissue for 
the most part two cells thick, except at the micropyle, where the 



FxavBE 4.-^Oro68 Mottons from t Slagle OTW, 8bo^ 
eurf^ortlm inner integ^ 

C, thrown ^e^tlpod^oells ^ the emhiTo eooj J>, in the region of the f^ilieed em oeli, of,T8 
on^ Interanent j HTeurfeoe of inner iategnment mt oovered by outer integument atalned with 


the exposed 

A, Nw the top oQthe ovary; B, at the Muator; 


triple 


inner int^^ment especially becomes somewhat club-shaped in section. 
Ni^ther the mt€^ument8 nor the nucellus contain any starchy though 
at the stage of development shown in figures 3 and 4 the cdls of me 
ovaxy wau and the pedicel of the floret possess an abundance of that 
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food^ter^ (figs. 6, B, and 15, ^). The inner integument covers 
the free surfi^e of the ovule completely with the exception of the 
micropylar orifice and usually is in contact with the epidermis of the 



Fioy Rx 5.*-»Oro88 aeotion of an ovary, showing the tissues In the region of the emhryo sao. A , Ovary fixed 
2 days after pollination, showing, in the absence of a funiculus, the similarity at that stage of development 
between the nuoellar cells and the placental tissue of the ovary wall; c, chalasa; pi, placental tissue: w, 
waU of ovary; n, nuoellus; iU inner Integument; of, outer integument. Stained with triple stain. X 42. 

Detail of ^ in the region of the embryo sac, showing the extent of the outer Integument in this ovary; 
fi, inner intemiment; oi, outer integument; e, embryo sac; n, nuoellus; eto, inner epidermis of the ovary 
wall (is). X 305. 


Qucell^. The outer integument, which originates alongside of the 
hmw integument, occupies a parallel position throughout its extent 
except for a cone-shaped folding whi<m projects into the depression 
of the so-called ''stylar canal” at the distal end of the ovary (figs. 
2, O; 3, A, B). 
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Ooncemii^ tiie extent of the outer int^^ument, several writ^ have 
shown considerable unanimity^ of opinion. True (iO, p. ISIS) states 
that ‘*The outer int^umont is incomplete, failing to cover an area 
extending from the micropyle to the base of the style, in length, and 
in width equal to about one-half the diameter of • the ovule.” 
Weatherwax (11, p. 491) says: “The one part of the outer integument 
seldom pows fur^er than the top of the ovary, where it mrms a 
folded or wedge-shaped body closing the. stylar canal.” MiUer (6, 
p. £58) states that “the outer coat of the ovule is incomplete and 
extmds about half way around it”, and Haddad (S, p. 7) is of the 
opinion that “the outer integyiment extends only a short distance 
beyond the stylar canal where it terminates.” 

Serial Ii^hgitudinal and cross sections of entire ovaries, prepared in 
the course^of this study, indicaty that the outer integiiment covers 
more of the surface of the inner integument than the stotements just 
quoted mig^t suggest (figs. 4, 5, 6, B). ^ Although there were some 
variations Jm the extent of the outer int^ument in the different 
ovaries, in all cases examined the ei^sed surface of the inner inter- 
ment appeared to be a comparaUvely narrow, more or less triangmar 
area. The apex of the triangle was to be found near the point where 
the sheathlike celk of the style terminate in the ovary wall and its 
base below the micropyle. In sections fixed as early as 2 or 3 days 
after fertilization, it is often difficult to determine the limits of the 
outer interuu^t because of degenerative changes' in both integu- 
ments which result in the two structures appearing to be more or 
less unified. 

The nucdlus, in which the embryo sac is embecMed, consists of a 
delicate parenchymatous tissue bordered on its free surface by a 
distinct but thin-walled epidermal layer. Before fertilization the 
nuceUus and what may be called the funicular-Mar-placental region — 
although there is neither funiculus nor true hilum — merge into each 
other without any distinctly marked cell differences (fig. 5, A). 

DEVELOPMENT OF KERNEL 
Embryo 

Development of the kernel b^ins almost immediately after fertiliza- 
tion, and growth proceeds rapidly. According to Miller (6), fertiliza- 
tion takes place 26 to 28 hours after pollination, and traces of the 
pollen tube may be visible within the embryo sac for some time there- 
after. He notes the rapid growth of the endosperm and states that 
the cells of the endosperm may fill the embryo sac when the embryo 
numbers only 14 to 16 cells. 

In sections of spikelets fixed by the writer 2 days after pollen had 
been applied to the silk of the ear, the pollen tube, staining a deep 
red with safranine, was visible in the micropyle and embiyo sac. 
In mc«t cases fertilization had taken place. Sections of slightly older 
spikelets indicated that division of the endosperm nucleus had begun 
almost inunediately after fertilization; they also showed numerous 
free nuclei formed oefore cell walls appeared and a more rapid division 
pf the endosperm than of the e^ nucleus (fig. 6, A) . When the develop- 
ing endosperm had almost filled the emamed nucellar space -the 
embryo stall remained comparatively small (fig. 7, C), although in a 
nearly mature caryopsis it occupies approximately one-third to one- 
half of the surface of a median hmgitudmal section of a kernel (fig. 8). 











Fiqube 7.— Deyelopmentia pbnm of the ooru kernel. Portion of a cross section of a developing kernel 

of strain A4& fixed d days after pollination, showing d^enerative changes in> both Int^uments: n, 
Spidermis of naoelliis; m, line along which the sub^ced membranes of the testa will appear; iU inner 
integument: of, outer integument; p, pericarp. Stained with triple stain. X 893. B, Detail of C. A 
poruon of the endosperm between the embryo and style. At tnis stage of development, cell division 
seems to be more active in this region than in other parts of the endosperm: little starch is to be found in 
the endosperm, en, Endosperm; al, aleurone layer (immature); n, remains of nuec^us; i, remnant of 
tlMintegraents; p, pericarp. Stained with triple stain. 'X20S. C. Lon^tudinal section, showing the 
relative sixes of the embtyo and endosperm in a developing kernel of strain A, op^^pollinated, flaw on 
Aui^ 23 at Madison, Wis.: st, Remnant of the style; s^wylar canal; «n. endosperm; ti, remnant of the 
P^ioarp; am, embryo; c, chidasa; c^, hilar opening through the integument. Stained with 
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IkTSGUM£NTS 

Degenerative changes in the integuments also begin about the time 
of fertilization. The literature on the subject has shown a variety 
of opinions concemii^ the modifications which take place in the 
epidermis of the nuceflus and m the inner integument of the ovule 
during the maturation of the caryopsis of com. True {10, p. HI?) 
roeaks of the strongly cutinized outer walls of the nucellar epidermis. 
Concemii^ the integuments he says: 

PreviouB to the ooll&pae of the outer integument, the inner integument shows 
little change. Shortly, however, a slight tendency to weaken is seen, especially 
in the external layer of cells. 

Robbins {9, p. 173) lists as a part of the mature grain, “Testa, 
inner integument of two layers.” On the other hand, Randolph (S, 
p, 6) states: 

The absorption of the tissues in question was followed in a close series of stages, 
and in all tlw mature kernels studied there was in most cases no nucellar or integ- 
ument tissue, the aleurone layer of the endosperm lying in close contact with 
the inner epidermis of the pericarp. In some scattered places a little unabsorbed 
material was seen, but it never formed a definite layer. 

Such statements, indicating that the outer integument in the corn 
ovary disappears before the inner, as is the case in wheat, or that 
in the mature kernel there is no layer derived from the interments, 
have not been supported by sections examined in the course of thb 
study. On;the contrary, certain sections showed more rapid de- 

f eneration or resorpr^ inner than the outer integument. 

'rom other sections it appeared that there had been little, if any, 
difference in point of time in the disintegration of the two integu- 
ments* (fig. 7, A; fig. Ifj, A). These sections also showed the 
presence of a thin suberized laver, the semipermeable membrane of 
the testa, which appeared early in the development of the kernel 
along the inper sunace of the inner integument in contact with the 
nucellus (fig. 7, A). It seems that the suberin was laid down in close 
contact with the nucellus and inner integument only after d^enerative 
changes in the latter had b^un. Attempts to demonstrate the 
presence of suberin on either of the adjacent walls when the epidermis 
of the nucellus and the inner integument were separable were un- 
succe^ul. Thus, the origin of the membrane may be open to 

a uestion. It seems probable, however, that the suberized layer in 
iie com kernel is derived from the integument, as is the case in 
wheat {Tritieum vvlgure Vill.)* (7), blu^rass (Pod praienais L.) {!), 
and Johnson gram {Sorghum hcuepenee ^.) Pers.) (4), although the 
number and position of the layers vaiy with the different genera. 
In the wheat kernel there are two suberized layers in the testa. They 
are both laid down on the inner integument, the outer layer becoming 
much the thicker. In the mature kernel this layer is not of uniform 
thickness throughout its extent, being visibly thinner in the section 
over the embryo than in the groove and at the distal end of the 

• The ehanoes are that Haddad (S, pp, 9, It) also pictures such a condition, although the legend for his 
figdre4 emggeats a different interpretation. From a comparison of his figures 2and 4 It seems probable that 
what Is considered to be the remains of the outer integument (fig, 4, i) is the inner layair of the ovary 
wall and that both degenerating integuments, rather than the inner one only, are shown in figure 4» a. 

< Aooording to the rules of boumicarnomenolature the name of this species is TrUicum essNeum bnt as 
T, mUgm is m general use among agronomists and cereal pathologists and geneticists, the writer gives 
pnte^totbstform. 
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kfflnel (7). In the case of Poa compressa L. and P. pratensie L. the 
picture is somewhat different. Anderson {1, p. 1016) states: 

Soon after fertilization a layer of suberin is found in the cell walls of the fanAi- 
integument adjseent to the nuoellus, and in the cell walls of the outer integtunent 
adjacent to the inner integument. Usually the inner suberized layer develops" 
first. 

In the mature caryopsis she finds: 

The inner layer of the inner integument consists of a comparatively thin layer 
of suberin. Its remaining cell walls and their contents are compressed. The 
inner layer of the outer integument adjacent to the inner integument is composed 
of a tuck layer of suberin. The remaining cells and their contents are pre- 
sumably dissolved. 

In Johnson grass, according to Harrington and Crocker (4; P- 220), 
it is the inner wail of the inner integument that is most highly su- 
berized, although the various layers of the pericarp also contain suberin. 

In the com kernel the membrane is ve^ thin, thinner in some 
cases than the suberized lajer covering the tip of the adjacent coleop- 
tile (fig. 9). It is so thm that variations in thickness that may 
exist are not easily .^een. However, in section it appears to be even 
more slender for a short distance above the chalaza and over the 
embryo than elsewhere over the suriace of the seed, and slight differ- 
ences in color intensity when stained with Sudan III suggest the 
probability that less suberin is present in these areas than at the 
distal end of the kernel. Treatment of the kernels with iodine- 
potassium iodide solution also indicates that the membrane is most 
permeable at the tip of the kernel in the region of the embrjro. 
Furthermore, the parts of the membrane over the embryo and encir- 
cling the kernel just above the chalaza seem to be those most easily 
pierced by fui^us hyphae. Kernels carrying a moderately severe 
diplodia infection show dense masses of hyphae on both sides of the 
membrane in these regions, wliile the closed hilar orifice and the distal 
parts of the kernel may be comparatively free of fungus. Whether 
the membrane is a thin layer of suberin deposited along the wall of 
the inner integument, as in the case of the wheat kernel (7), or whether 
the entire marginal wall itself becomes inpregnated with suberin 
was not determined. With the exception of this one suberized 
layer the integuments practically disappear before the kernel is 
mature. 

Nucellus 

During the rapid enlargement of the ovary following fertilization 
the nucular cells also increase in size. They soon break down and 
disappear, however, as the rapidly growing endosperm piuhes out to 
occupy the nuceUar space (figs. 6, A, and 7, B, C), the epidei^s being 
the last portion of the nucellus to lose its identity (fig. 10, ri). 1“®™ 
seems to be little question that remains of the nucellus are to be found 
in nearly all kemds. although it is not so clear whether a continuous 
layer coextensive with the testa, similar to that found in whea^ is 
the rule. The crushed nucellar cells form a hyaline thread or nbbon 
in such close contact with the outer walls of the aleurone cells that the 
two usually appear to be one. Neverthele®, stain^ re^ti^ 
occasionally gave a hint of the dual nature of these walls (tig. 10, j, 
while variations in thrir apparent thickness suggested the same idea. 
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Infrequently a dividon of the wall may be observed also. In one 
kernel from a supimsedly mature ear tested on the germinator the 
sections were tom in such a way that these broad walls split and a 



FiauKB 9.-^Th6 suberlzed membrane of the testa. A and Sections from a maturing kernel of inbred 
Lan grown at Bloomington, 111., showing the relative thickness of the suberised me^rane of the testa 
over the embryo (A) and the suoerized layer over the tip of the coleoptile (B) , Stahied with Sudan UI, 
raoimted in glycerin. X 635. C, Portion of a cross section of a developing kernel of strain A, opeii- 
mlllna^d; fixed on Ampst 19, at which time the silk was beginning to brown. This section is located 
above the micropyle and shows little of the outer integument, ep. n, Epidermis of nucellus; am, suberisiMl 
membranja; ii, Inner integument; oi, outer integument; ep. p, inner epidermis of pericarp. Stained with 
Sudan 111, mounted in glycraln. X 356. 

long narrow thread remained adhering to the suberized layer of the 
testa, although the encircling walls of the aleurone cells were not 
ruptured (fig. 10, 0). 
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HtliTTH BnaiOK 

In thdr study of the cairopas of Johnson grass and of Sudan grass, 
Harrington and Crocker (4) describe parts that bear a close resem- 
bluice to those found in the hilar re^on in com. The protective 



Kiqure 10.— I 
kernel of st 


lU and wntien violet, mounted in Elyoerlu. c; i'orwonoi»ion«juuii^^w^^^^ 

suppo^y mature kernel of a Golden Glow st^ln grow^t ^^ked 

be tberSialna of the nuoellua adhering to the hyaline suberiaed 

membrane of testa; n, nueellar tissue; of, alectrone layer; en, endosperm. Stained wltn Deian 
haematoxylin. safrani^. and orange G. X 345. 


layers are relatively thicker in the grasses than in com, but otherwise 
the similarity is striHng. They state (4, p- ^)- 

Sfaioe to a oaryopsis the seed never becomes detached from itegeriw^^th^ 
is, of course, no true hOum, or seed scar. There u however m tM 
the Aadropogonae, a large opening through the toner mtegument m the position 
sorraqKniatog to the hilum. 
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Tb®y furtl^r state (4, p. S19): 

The large circular hilar orifice contains no vascular elements, conduction from 
the vascular bundle of the pedicel and outer layers of the pericarp over the hilar 
r^on being by means of parenchjrmatous pericarp tissue which entirely fills the 
hiliff orifice, and is fused with the inner integument at the hilar mat|;inB. 

A sone of this conducting pericarp tissue lying just outside the hilar orifice 
and including the elements which are fused with the inner integument becomes 
greatly contnmted radially and darkly pigmented during the maturation of the 
caryopsis. This pigments eone of the pericarp and the inner integument to- 
gether constitute for the caryopsis an unbroken investment which is extremely 
resistant to the action of Javelle water and of chromic amd and has the quality 
of selective permeability, though it probably does not exclude any solute entirely. 

As in the above-mentioned grasses, the wide hilar opening through 
the inner int^ument in com is filled with parenchymatous tissue 
which befc^e fertilization seemed to be of a texture similar to the 
nucellus (fig. 5, A). As the expanded nucellus. degenerate, this tissue 
remains active for a time and with well-marked nuclei in slowly en- 
lar^g cells appears b^ contrast to be densely cellular (fig. 11, .A). 

As me c^ attain their maximum size the nuclei disappear (fig. 11, 
B) althoi^h the walls continue to take a gentian violet stain with 
diminishingr intensity until, as the kernel matures, they are crushed, 
contracting radially into a more or less continuous and homogeneous 
layer whicm closes the hilar orifice and completes a protective circle 
of which the semipermeable membrane of the testa is the longer seg- 
ment. The consistency, continuity, and intensity -of color of this 
compressed layer vary with the age of the kernel and depend some- 
what on the strain of corn (figs. 11, C7; 12, A, B, C). In section, 
under the microscope, it is yellow to golden brown in color and appears 
to have a fatty or waxy consistency; to the naked eye, its color is 
dark brown in the mature grain, and its location and extent may be 
seen by clipping away the spongy cap of the kernel (fig. 12, O). It 
may be exposed with little difficulty, for, as the moisture content 
of the maturing kernel is lowered, the tissues of the pedicel forming 
the so-called “tip cap” of the shelled kernel contract and a cavity 
forms between the hfiar layer and the vascular elements of the cap 
(fig. 12, B). Although this layer is more resistant to hydrolysis 
by 72-percent H2SO4 than adjoining parts, except the semipermeable 
membrane of the testa, it does not respond to the Sudan III color 
test for suberin. 

Maroinal Latbb of Endobpbbm 

The cells in the part of the outermost layer of the endosperm that 
is coextensive with the testa present the appearance usually asso- 
ciated with the alemone layer in cereals (fig. 18, A, B). Those at 
the base of the endosperm facing the hilar region, however, seem to 
be entirely different. They are more or less completely filled with a 
streaked substance mute unlike the granular contents of the aleurone 
cells (%. 13, A, C, U). Dissimilarity in the nature of the cell con- 
tents of the two segments is further indicated in infected kernels. 
Actions show comparatively few hyphae even making their way 
interoellularly across the modified layer (%. 14, 0), although the 
aleurone cells are in most cases packed with fungus (fig. 14, D). 
The two sections of the m^ginal layer of the endosperm show their 
diasmularity early; they differ also in thickness, the aleurone layer 
being for the most part one cell thick, while across the hilumregion 
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mar^al w^oation may extend inward with diminiaWng intensitv 
to a depth of seTerai oeUs (%. 13, B, D). Until matnrit ® boKS 
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the hilar orifice often take on a yellow color. Weatherwax 
p. S76) ocmsiderB this tissue to hare a placental function. He says; 

Its structure and portion from the first suggest a n)ecial function. Its cells 
are relatively small, and usually elongated and angular in shape. The nuclei 
and dense cytoplasm have the appearance of an active Uving^ condition, and 
karyokinetio figures are frequent. It is also in the position nearest the tascular 
complex which supplies the ovule. These facts indicate that this fi^cialised 
region has a placental function, taking food from the source of supply and passing 
it on to other parts of the endosperm. This theory is further supported by the 
position of this tissue relative to the order of deposition of food in the endosperm. 

Pericabp 

In the course of development the wall of the ovary becomes the 
pericarp of the caryopsis. At flowering time the ovary waU consists of 
a parenchymatous tissue of considerable thickness with a well-defined 
epidermal layer on the outer surface and a more delicate one on the 
inner wall. 

Some sections show that shortly after degenerative chp.ges appear 
in the integuments deterioration occurs ako in the adjacent layers 
of the ovary wall (fig. 15, A), so that when, a few davs after fertiliza- 
tion, these parts have come in contact with one another, it is difficult 
to identify the limits of each. In other cases, the cells of the inner 
epidermis are seen to maintain their identity, although they have 
become more or less separated by the rapid enlargement of the ovule 
which they had encircled (fig. 10, A). As development of the kernel 
continues, the cells near the base of the ovary and on the iiqs^ side 
of the ovary wall become more spongy in character, while cell 
walls of the outer layers thicken, show numerous pits, and respond to 
safranine stain. Most of the spongy cells of the pericarp, with the 
exception of those near the base of the kernel, gradusllj disappear, 
so that in the mature caryopsis the larger part of the pericarp is com- 
posed of thick-walled pitted cells which usually become quite compact 
over the distal surfaces. Over the coleoptile region of the embryo 
both types of cells persist in considerable numbers, wliile in the area 
to be ruptured by the emerging coleorhiza only the thin-walled paren- 
chyma 18 found (fig. 15, B). A relatively thin layer of cutin covers 
the outer sinrface of the pericarp. 

BeeskowJ^ has reportea finding traces of suberin in the pericarp of a 
strain of Hickory lung com with which he was working. Its presence 
in any conriderable quantity in the pericarp, tip cap, or rachilla might 
possibly be an important factor contributmg to resistance to fungus 
mvasion. In the sections examined by the wnter, however, no bamers 
of this nature were demomtrated in these regions, although the pres- 
ence of the thin suberized membrane of the testa was clearly shown. 

When the hull is peeled from a soaked kernel, cleavage is along the 
line of least resistance. In the mature com kernel this is in the spor^ 
iimer layer of the pericarp, outside the drcle of the semipermeable 
mmbrane of the testa and the closing layer of the hilar orifice (fig. 10). 
The removable hull thus connsts of pericarp tissue and does not in- 
clude the suberized sffluipermeable membrane of the testa. 

1 Byiaxov, H. 0. TH8 [aBLBcmnc seuipermbabilitt or the seed coat or corn. (Unpubli^d 
maiter’r ttois, Unlv. Obieogo,) 1924. 
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resistance to hmgal penetration and preserves its identity ter 

hjmhae have advanSd from the pedicel into the wdo8Dem.%sn, Bndos^m, 
endosperm feeing the hilar orlfioeTstained with Ddafesld’s hematoxylin,, rafra^^ 
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Fiotm* W^-totions of pertoarp at difleront atages of dmlopment. A, Portion of a lo 
section of a daveiopinff kernel fixed sbortly after fertilisation, showing degenerative changes 
inte inner layen of the perfoarp and intwuxnents. There Is an ahondanoe of starch in the cells of the 

the mngy sftnitow of the perl^p in the region to be raptured daring gwm^tion by the 
eetoomea: r. Boot tip; or, ooleorhiaa; h, seutelram; p, pericarp. Stained with triple stain. X fiB. 
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DISCUSSION 

Examinatioii of the yaried and representative material from 
pedinreed strains of yellow dent com grown at Bloomington, Bl., 
and Madison, Wis., provided bv collection of specimens at intervals, 
during the summers of 1930-33 failed to show the presence of anatiun- 
icid differences sufficient in themselves to account for high degrees of 
resbtance or susceptibility to dijilodia kernel rot manifested in the 
field (figs. 16y 17). However, variations which may have a bearing on 
the problem were observed (1) in the speed with which the hilar oimce 
is closed, (2) in the thickness and compactness of the closing layer, and 
(3) in the completeness of the union of the closing layer with the ends 
of the suberiz^ membrtme of the testa. The orown closing layer 
of the hilar orifice is, at its best, rdatively thick and impi^ious to 
fungi and when joined to the ends of the suberized semipermeable 
membrane of the testa blocks advance into the seed in that region. 
If, however, formation of the hilar layer is delayed or incom^ete, 
hyphae may pass around the ends of the testa and enter the embryo 
by way of the hilar orifice (fig. 18, A, B, (7). From the matenal 
examined it may belaid in general that it was in those strains known 
to be most susceptible in the field that a delayed and less effective 
closing of the hilar orifice was found. Not only is the presence of an 
effective closing layer in the hilar orifice an actual-barrier to fungus 
advance through that particular r^on of the kernel, but it seems 
possible also that it should be considered as associated with certain 
phases of the maturation process of the caryop^. In that case, the 
early appearance of the closing layer, in addition to imposing an 
efficient phyrical barrier to hyphal advance, may also be mfficative 
of chemical changes which afford a less favorable nutrient medium for 
fungus growth within the plant. 

In cereals the suberized semipermeable membrane of the testa 
functions as a more or less effective barrier to fungus advance. In the 
case of wheat the three-layered testa is considered to be the part of 
the kernel most resistant to penetration by OibbereUa savhinelii 
(Mont.) Sacc., becoming increasii^ly resistant as the kernel matures 
(7). The outer suberized layer is me most resistant part of the testa. 
It varies in thickness md ito resistance is seemingly proportional to 
its thickness. In section, 4t is sufficiently broad to show distinct 
differences in width in the embryo and dist^ regions of the kernel. 
In the com kernel, however, the ringle suberized layer of the testa is 
so thin that any variations m thickness which may exkt are not 
easily seen. Neverriieless it seems probable that it also is thinnest 
over the embryo and in the proximal region of the kernel, for it is in 
these areas that its penetration by fungus occurs m(»t frequ^tly. 
Though it appears so delicate, the membrane is relativdy resistant 
to hyphal penetration and maintains its identity surprbingly well 
despite the fact that no instances were observed in which hyphae 
massed in the adjacent pericarp failed to pierce it (fig. 14, A, B). 
Once within the circle of the testa, fungus growth in the aleurone layer 
is rwid. These cells seemingly preset a very favorable meffium for 
Diplodia and soon become packed with hyphae. It is in this region 
also that most of the pycmdia in the kernel may be found (^s. 14, 
O; 19). 
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During the development of the komel, changes in the car^hydrate 
content of the endospenn occur whidh m^ also have a bearing on the 
host-fungus relationship in that r^on. In her microchemicaistuiUes 
of the ^vdoping endosperm of maize, Lampe {5) reports finding 



Figure 18.— Detail sections of kernels from ears'shown in flgurea'16‘'an<l 17. Af Portion of a longitudinal 
section of an infected kernel of the Krug X Lan strain harvested September 12 (fig. 17), showing the end 
of the suberized membrane of the testa and the absence of the closing layer in the hilar orifloe: ms, Mar- 
ginal layer of endosperm facing the hilar orifice: m, suberiied* membrane of testa; p, pericarp. Stain^ 
with Sudan lH, mounted in glycerin. X 338. B, Section from samekemd as A. stained with Delafield’s 
haamatozylin. safranine, End orange G to show the presence of hsrphae in the hilar orifice and on both 
sides of the suberised membrane: Fungus hyphae; m, suberized membrane; p. perioaim. x 336. 
C, Portion of a longitudinal section or akemel ot cross 68 harvested on September 12 (ng. 16), snowing the 
presenoe of the don^ layer of the hilar orifice and its dose ciontact with the end of the suberised mem- 
mane of the testa. The contrast of the natural yellow color of the closing layer with the hyaline cells on 
either side is lost in the photomiorograph. tc, Scutellum; m, suberized membrane: p, perioarn: me, 
marjlnal lai^r of endosperm; el, closing i^er. Stained with Sudan III, mounted in glyomn. X SM. 

reduciiw sugars present during" the early development in all types of 
com. . & older kernels polysaccharides were found in the disw part 
and tedudng sugars at the base. As the region containing polysat^ 
chuides increased, that containing redudng sugars decreased, until 
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at maturity, in nonsweet com, the disappearance of sugars was 
essentially complete. 

Infection in the kernel appears usually to occur at the proximal 
end of the caryopsis. Hyphae were observed to enter the pemcel near 
the bases of the glumes or to have entered from the cob. This accords 
with Branstetter’s («, v. 17) findings as to the location of fungi in 
infected kernels shown by his platings. He states: 

results seem to warrant the assumption that if a com grain is infected, 
the tip one-fifth invariably contains the fungus, sinoe in no case when the tip 
failed to show infection (Ud any other part of the kernel show infection. 



Fiqukb 19.— Detail of figure 14, D, PyonIcUa of JHpUxHa teae, oontaioing mature spores, located along 
the alemone layer in a badly InfeotM kem^. Stained with Delafield’s haematoxylin, safranlne, and 
orange Q. xm 

In a large percentage of diplodia inoculations in the field under 
conditions favorable for infection, hyphae were found in the spongy 
tissues of the pedicel and the proximal pericarp of the kernel. In 
some casra these regions supported an abimdant fungus growth; in 
other strains a few straggling hyphae were visible. Since no anatom- 
ical differonces sufficient to account for the two conditions were 
apparent m the hosts, it seems not unreasonable to suppose that such 
lack of uniformity in the host-fimgus relationship may perhaps be 
UP more closdy with the chemicu medium offered by the host in its 
ma'don to the nutritional requirements of the parasito thanwitii 
aimtqmical differences in kernel structure. Further experimmts aloi^ 
this line have been undertaken. 
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SUMMARY 

This paper outlines briefly the development and microscopic 
anatomy of the caryopsis of dent com and is concerned primarily with 
those structures whicn n^ht have a bearing on the problem of host 
resistance and susceptibih^ to fungus diseases in general and to 
invasion by Diplodia zeae (Schw.) L6v. in particular. 

Unless otherwise noted, the specimens examined were from hand- 
polUnated ears of yellow dent com grown at Blodmii^ton, 111., and 
Madison, Wis. During the early periods of development of the 
kernel, collections were made at intervals varying from 2 to 7 days. 

Sections of the ovary showed that the outer integument covers all 
but a relatively narrow triangle of the surface of the inner integument 
and that the outer and inner integuments degenerate at about the 
same time, leaving a testa consisting of a single very thin suberized 
semipermeable membrane, which ori^ated along the inner wall of 
the inner integument in close contact with the epidermis of the nucellus. 
It was not determmed whether the entire marginal wall of the integu- 
ment had been impregnated with suberin or whether a layer of suberin 
had been laid down along its surface as is the case in the wheat kernel. 
The presence of the membrane was not demonstrated as long as the 
inner integument and the epidermis of the nucellus were separable. 

The two sections of the marginal layer of the endospemi are 
pictured. The formation of the closing layer of the hilar orifice is 
shown, and attention is called to the possible relation of the variations 
found in this region to fungus advance into the embiyo. Although 
these points may have a bearing on the problem of resistance or 
susceptibility to kernel rots, no anatomical features were observed 
sufl^cient in themselves to account for the differences in resistance 
or susceptibility shown bjy various strains of com in the field. 

Diplodia infection in the kernel was found to begin in almost every 
case at the proximal end of the kernel. In some strains the spongy 
tissues of the pedicel and proximal pericarp were filled with the 
fungus; in others, onlv a few straggling hyphae could be foimd in those 
regions. Anatomical features sufficient in themselves to account for 
such differences did not appear to be present. It seems, therefore, 
not unreasonable to conclude that such lack of uniformity in the host- 
fungus relationship may perhaps be tied up more closely with the 
chemical medium offered by the host in its relation to the nutritional 
requirements of the parasite than with anatomical differences in kernel 
structure. 
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INFLUENCE OF WEATHER FACTORS ON MOISTURE CON- 
TENT OF LIGHT FUELS IN FORESTS OF THE NORTHERN 
ROCKY MOUNTAINS ‘ 

By Geobob M. Jeuibon 

Junior foretter. Northern Roehy Mountain Foreet and Range Experiment Station, 
Foreet Service, United Stalee Department of Agriculture* 

INTRODUCTION 

The necessity of forest-fire protection is generally recognized in the 
Uniteii States. The tremendous damage done by forest fires each 
year to valuable timber, watershed cover, forest range, wildlife, 
recreational faculties, and personal property has impressed upon the 
people the need for preventing and controlling forest fires so far as 
this is humanly possible. 

In the forests of northern Idaho and of Montana the fire-protection 
problem is particularly difficult, owing to the inflanunable character 
of the forest vegetation and to the diyness of the summer weather. 
On the 23 mUlion acres of national-forest land in this area, during the 
10-year period 1926-34 there occurred a yearly average of 1,356 fires, 
which burned over 114,000 acres, caused damage totaling nearly 
three-quarters of a million dollars, and required expenditure of a 
similar amount for control. 

Fire-control experience has shown that in this northern Rocky 
Mountain redon approximately 50 percent of the area burned and 
35 percent of the suppression costs result from only 1 percent of the 
fires. 

Obviously, in this region satisfactory fire control can be attained 
only if the fire-protection oiganization succeeds in suppressmg fi^s 
while they are still small. In efTorts toward this end, administrative 
officers are aided by knowledge of current forest-fire danger.* A 
complete understariding of fire danger from day to day is difficult to 
obtam because many mctors are involved, including season of year, 
activity of fire-starting agencies, topography, character of green 
vegetation, weather, fuel type, fuel volume, and fuel moisture con- 
tent. By making observations or measurements of several of the most 
important factors and properly integrating them, however, the forest 
protectionist can determine the relative firo danger existing at a given 
time and place. In this way he can learn whether his force should be 
temporarily expanded or reduced, and how it should be distributed 
over the area for which he is responsible. In addition, through a 
Imowle^e of the influence of given factors on fire danger the protec- 
tionist is assisted in interpretmg weather forecasts and thus m pre- 
paring for all dassos of fire danger that are likely to arise. 

Foie-t S«vlce,f« 
«« ««. fw o» u»t 

termlM whetittr fires will start* spread* and do damafe. 
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SXONIFICAKCE OF MOISTURE CONTENT OF FOREST FUELS 

Fuel-moisture content alone serves as a criterion of forest-fire 
darker. The wetness or dryness of forest fuels largely determines 
thdr inflammability or ease of ignition and the rate of sjjread of forest 
fire. Obviously, each fuel must be heated to a certain teraperatwe 
before combustion results, and anything that retards this heating 
reduces fire danger. Water in the fuels absorbs heat before it is 
driven off in the form of vapor; consequently it delays the raising of 
fuel temperatures to the kindling point. Knowledge of the relation 
of the moisture content of the common forest fuels to their inflamma- 
bility, or to the rate of spread of fire, or to both, is essential in determin- 
ing current fire danger. 

The moisture content of lightweight fuels such as duff and small 
branch wood is particularly important because of their wide-spread 
distribution in almost all forest types and because they serve as car- 
riers of fire from tree to tree and from log to log. Duff commonly com- 
poses a greater part of the surface layer of the forest floor than any 
other single fuel. 

Show (S),^ Larsen (7), Stickel (10, 11), and Gisborne (S) proved the 
important relation of moisture content to the inflammability of duff * 
by making burning tests. The latter two workers tested in detail 
the ease of igniting duff of given moisture content with different 
firebrands Gisborne, working with undisturbed duff in western white 
pine (Pinus monticoia) forests in northern Idaho, concluded that 
whenever the duff has less than 10 percent moisture content it can be 
ignited by any firebrand producii^ heat equal to that of an ordinary 
match, tnat at more than 13 percent moisture the duff is generally 
immune to ignition by burning matches, and that camp fii^ can 
ignite the duff and cause fire to spread through it whenever it con- 
tains less than 18 percent moisture. On the basis of these findings 
and of general observation, Gisborne defined the following six degrees 
of susceptibility of the top layei of duff to ignition by various comruon 


firebrands: 

Moisture content 

Degree of susceptibility: . (perceru) 

Nonlnflammable More than 25. 

Very low inflammability 25 to 19. 

Low inflammability - 18 to 14. 

Medium inflammability 13 to 11. 

High inflammability 10 to 8. 

Extreme inflammability 7to0. 


Stickel {10) made a detailed investigation in the Adirondack 
Mountains to determine the moisture content necessary to prevent 
ignition of dujff by matches, cigarette butts, pipe heels, locomotive 
sparks, and small camp fires. His results, from 370 tests, are sum* 
marized in table 1. 

4 RefBrenoe is loade by number (italic) to Literature Cited* p. 905. 

• In this dlscusaiou the term applies to the sUrtaoe layer of the forest floor, that is* to the 'fitter*'* 

which is made up of vegetable^matter deposits only slightly decomposed. 
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Tabus 1. — Surface duff-nurieture eorUenta at which varioue frebrande are elective ‘ 


Surltee duff mois^ 


Degree of liaeard * 


ture content, per* Firebrands effective 

cent 



01|^tte8, looomotlve sparks, pipe be^, matc^, and camp 


Locomotive sparks, pipe he^, matches, and camp fires. 
Pipe heels, matches, and camp fires. 

Matches and camp fires. 

Camp fires.* 

None. 


1 Accordins to findings of 3ti<firel (tO), 

> ^'Haaard’^. in Stiokel’s classification, has the same meaning as is attached in this paper to **forest-flre 
danger** (see footnote 3, p. 886'. • 

i* Duff at edge will smolder, but fire will not si^ead mnch. 


Rate of spread of forest fire has definitely been shown to depend 
principally upon fuel-moisture content. The Quartz Creek fire of 
1926 (2) and the Freeman Lake fire of 1931 U), both in northern 
Idaho, made their longest runs on days when duff moisture was 
exceptionally low. The latter fire, which spread at an average rate 
of 1,600 acres per hour for 12^ hours, began at a time when the duff- 
moisture content was about 5 percent. In no recorded instance has 
a ‘‘blow-up’^ occurred when the moisture content of lightweight fuels 
was relatively high. 


DETERMINANTS OP FUEL MOISTURE CONTENT 

The several weather elements, acting together, are the most im- 
portant determinants of forest fuel moisture content. When the 
weather is wet, the fuels are wet or tend to become so; and dry 
weather produces dry conditions in the fuels. The changes, of 
course, require more or less time, the lag depending’ imon how wet 
or dry the fuels were to begin with. In the northern Rocky Moun- 
tains, after a heavy rain a week or more of hot, drying weather may 
be required to produce extreme danger. 

The moisture content of light fuels such as duff and small branch 
wood bears an especially close relation to current weather. Duff, in 
particular, because of its loose distribution and porous structure, 
picks up or loses moisture rapidly when atmospheric conditions 
change. m 

Differences in the moisture contents of similar fuels on parts of the 
same area may be due in part to weather variations between one 
place and another, but no doubt are due principally to differences in 
degree of exposure of the fuels. A dense forest canopy intercepts 
most of the direct rays of the sun and reduces wind movem^t, 
thereby lowering temperature and evaporation and increasiM hu- 
midity beneath it (S), Fuel moistures, consequently, are higher 
under dense canopies than they are on bumed-over or clear-cut areas 
fully exposed to sim and wind. 

METHODS AND CONDITIONS OP FIELD STUDY 

The study discussed here has dealt for the most part >^th 
moisture pontent in its rdation to current weather. It Ims dewt 
also with moisture cofitent of branch wood one-half mch m diame^r 
in its relation to weather. These relations wore observed under 
different forest-canopy conditions. 

4436 4 — ■"■80 3 
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In this study duff-moisture measurements have been confined to 
(he uppermost K-hu>h layer, because when the moisture content of 
this layer is low fire may spread through it rajudly even if the average 
moisture content of the entire forest floor is high. 
wMetourements of weather factors and fuel moisture have been 
made on three exposures at the Priest River branch of the Northern 
Rocky Mountain Forest and Range Experiment Station, in northern 
Idaho. Beginning in 1924, observations were takw on an area from 
which all trees had been removed; on an area where timber cutting 
had reduced the forest canopy by about half, the principal tree 
species of the remaining stand being western hemlock {Tanga hetero- 
phylla); and in a dense stand of western white pine near the base of 



Fioubs 1.— Otoar-cut station, folly exposed to weather. 


a northwest slope. These areas were approximately three-quarters 
of a mile apart. In 1930 the original half-cut and full-timbered 
stations were abandoned, and new ones established on a bench 
within 1,400 feet of the clear-cut station. On the new half-cut 
station, the residual stand is similar in comi)osition to that on the 
one abandoned. The new full-timbered station is occupied by the 
climax western white pine type, in which western hemlock and western 
red cedar {Thvga pheaia) predominate. Ckunparative li|;ht values 
takmi at the instrument exposures by Haig * are shown m table 2. 
The clear-cut station, and uie half-cut and full-timbered stations in 
use from |930, are sho^ in figures 1, 2, and 3, respectivdy. 

t T. OBj^TAOr WAOSQU COKTROUJNO IHimL ffpEDliKO X8TABUSHMSKT IN WI0TSBN WSITB 
fiNB^AVPs. JM* (triiPtih^ihBddoot<N*8dls8erfotion^ O&plesonfltoftt YakUniv. SohodofFcMtry, 
Ckm., and Karthm Hooky M<mntafo Forest aad Aaoio Kxpt. Sta*, Mlssottla* Mosft.) 
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Fioubs 2.— Half*cut station; residual stand is composed chiefly ot western hemlock. 
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Tablii 2. — Lif/kt wdhtet on haif-eut and fuU-limbered arena in we from 19S0, ae ' 
determined with different inetrumenie 


Instrument 

X^ght, in terms of 
full sunlight, on— 

Half-cut 

area 

Full-tim- 
bered area 

niAment* photometer -r-^^ 

Psresnf 

24 

28 

28 

PtrctiU 

4 
8 

5 

Bhirley thermopile.^ ^ . _ 

JdvingetOO blaolt en<l white epheres 1 _ 

Ayerege - -r -r -r - — - — r 

24,3 

4 



Careful study revealed that the old and new stations were nearly 
enough alike to justify joint analysis of records obtained before and 
after 1930. 

Simultaneous measurements of weather factors and duff-moisture 
content on the clear-cut, half-cut, and full-limbered areas were 
begun in Jime 1924. They were made daily at 4:30 p. m. Air 
temperatxire, relative humidity, precipitation, evaporation, and 
temperature of the dew point were the weather elements meastured 
in 1924. Other elements were added later. Table 3 lists the factors 
investigated and shows in what years measurement of each factor 
was beg^ on the three areas, respectively. Beginning with 1925, 
twice-daily measurements were made at an stations throi^hout the 
fire season, at approximately 9 a. m. and 4:30 p. m. These two 
hours were selected in order to sample extremes, preliminaiy inves- 
tigation having indicated that fuel moisture normally was greatest 
between 7 and 9 a. m. and least at about 4:30 p. m. The dates on 
which measurements were begun and ended each year were not fixed. 
In general, measurements were beg\m in April or May, before the 
fire season actually started, and were terminated in late ^ptember 
or early October after the ^ season definitely came to an end. 

Tabus B.—Ftui-moieture and weather faclore studied, and years in which measure- 
ment of each was begun on the three study areas, respectively 


Year in which measure- 
ments were begun on— 
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ANALYSIS OF DATA, AND APPLICATION OF RESULTS OF ANALYSIS 

Gross correlations indicate the forest-fuel moistures that normally 
exist at given air temperatures and humidities; they fail, however, 
to show the relative or net influence of temperatiu*e or of humidity 
on fuel-moisture content. None of the weather elements acts inde- 
pendently of the others. Hence, in order to determine fundamental 
relations between fuel-moisture content and the weather it was 
necessa^ to subject weather and fuel-moisture data to multiple- 
correlation analysis. 

METHOD OF EUMmATINO CURVIUNBARITY 

A preliminary multiple-correlation study involving duff moisture 
as the dependent variable and several weather elements as the inde- 
pendent variables produced, in all cases, curvilinear regressions. 



Figure 4.-~Hypotlietical regression of dafif-molsture content on air temperature. 


In multiple-correlation problems it is desirable to obtain algebraic 
expression of regressions whenever possible, because they are the 
simplest to compare and interpret and are not susce^ible to the 
pemonal error associated with fitting freehand curves. The curvih - 
earity of these regressions was due to the fact that the instrument 
used to measure auff moistures does not show values greater than 
50 percent. Direct elimination of observations ^ of duff-moisture 
content amounting to, say, 30 percent or more inevitably lessens 
the average slope of the regression curve. These data can be elimi- 
nated without altering the slope, however, by placing a limit on an 
independent variable. An illustration of tne effects of these two 
procedures follows: In figure 4 if all observations of duff moisture 
greater than 30 percent— that is, all the points above line u4— are 
directly eliminated, the upper end of the fine of best fit is changed 
from its former position to one shown by the dash-dot line. ^ 
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itation of the dependent Toriable, then, has changed the slope of the 
regression curve. However, if all observationa made when air teni« 
pe»ture was 60° F. or lower — that is, all points to the left of line 
B— are rejected all duff moistures of 30 percent or more are elim- 
inated from the correlation without causmg a change in the slope 
of the regression curve. 

If study is restricted to observations made on the clear-out area 2 
or more days after 0.01 inch of precipitation, and on the half-cut and 
full-timbered areas 5 or more days and 6 or more days, respectively, 
after 0.01 inch of precipitation, all duff moistures of 30 percent or 
more are eliminated. This removes the curvilinearity in the net 
regressions due to restriction of the dependent variable to 50 percent. 
It is logical to confine the study to duff moistures of less than 30 
percent, because when duff contains 30 percent or more moisture 
fire danger does not erist. 

SELECTION OF MOST IMPORTANT VARIABLES 

As is shown in table 3, data on 16 weather elements were available 
for analysis. This laige number of variables cannot be handled 
conveniently by the usual correlation methods. It was fought 
possible that certain of these factors contribute nothing of significance 
to the final multiple-correlation coefficient, although each shows a 
definite relation to fuel moisture when correlated with it separately. 
For these reasons, measures were taken to select those weather ele- 
ments that contributed most to the multiple correlation. 

Analysis of a random sample of 130 sets of afternoon measurements 
for the clear-cut area according to the method developed by Kincer 
and Mattice (5) showed that the factors having the greatest efifect 
on fuel moisture were current air temperature and relative humidity. 
Maximum duff temperature and evaporation rate were correlated 
almost as closely with fuel moisture as current air temperature and 
relative humidity, r^pectively. Factors having comparatively small 
influence on fuel moisture were temperature of Ihe dew point, number 
of da^ since 0.01 or 0.20 inch of precipitation, and wind. These 
variables were retained for further investigation in preference to mean 
and minimum relative humidity, for example, because the latter are 
highly correlated with current relative hmnidity. 

On the basis of all the available afternoon records for the clear-cut 
area that were made more than a day after 0.01 inch of precipitation, 
gross-correlation coefiScients were computed for duff moisture as the 
dependent viable with each of ^e following eight factors as inde- 
pendent variables: Cuirent relative humidity, current air temper- 
ature, maximum duff temperature, evaporation, temperature of the 
dew pdnt, number of days sinoe 0.01 inch of precimtation, wind, 
and number of days since 0.20 inch of precipitation. The results are 
given in table 4. Because wind and number of days since 0.20 inch 
of precipitation were not found to be significantly correlated with 
either the dependent variable, duff moisture, or with any of the other 
variables tested, they were dropped from consideration. 
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Tablx}4. — OroBB^corrdation eoBffidmtB^ for dU comhinationB of duff-motature 
content (X) on clear-cut area and eight weather f adore 


Oonelation 
coefBoient r 

Namar- 
loal value 

Correlation 
coefficient r 

Numer- 
ical value 

Correlation 
coefficient r 

Numer- 
ical value 

Correlation 
coefficient r 

Numer- 
ical value 

XA 

+0.660 

-.576 

-.552 

-.535 

+.312 

-.146 

-.037 

-.028 

-.727 

-.597 

AD 

-0.608 
+.697 
+.229 
-.051 
-.068 
+.784 
+.740 
-.020 
+. 183 
121 

BH. 

1 

EF - 

mm 

XB 

AC’- 

XJ) 

AE. 

CD 

EG - 

AF. 

CE 

Eir 

AO 

CF. 

FO . i 

XIC 

AH. 

CO 

FIL. 

XF- 

BC\ - 

CH. 

on.. 

XO 

BD 

DE. 


AH- 

BE. 

DF. 

AB 

BF. 

DO 

AC^ 

BO 

DH 





1 Based on 226 sets of afternoon observations taken 1 or more days after 0.01 inch of precipitation. Ex- 
planation of symbols: /Irrelative humidity; B«>air temperature; C-maximum dulT temperature; !)» 
evaporation; £» temperature of the dew ixiint; number of days since 0.01 inch of precipitation; Q» 
wind; /f “number of days since 0.20 inch of precipitation. 

JOINT CORRELATION 

When a multiple correlation of duff moisture with air temperature 
and relative hxunidity was made, a joint relation was evident. A 
joint relation of variables is the relation existing when the change 
m a dependent variable that corresponds with a change in one inde- 
pendent variable depends in part upon the magnitude of a second 



independent variable. The_ equilibrium relations between fuel 
moistxire and relative humidity at different air temperatures deter- 
mined by Dunlap,’^ of the Forest^ Products Laboratory, and shown 
in figure 5 also inmcate a joint relation. 

The standard linear-regression equation of the fonn 


in which 


and 


DM=aT+hBH-\-K 

Duff-moisture content 
TsssAir temperature 
Relative humidity 


a, b, f^sConstants 


( 1 ) 


» nwwur, M. A. tsotBttiMOwofHymiwffwtHiiiottitnwooHj^wioMwmnniiM. im. 
(OnpnbUabwl mimiNript. U. 8. Dwt. Awe^ Voiwt Ftod. lab., Midiioiit WttJ' 
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does not show thi^ relation. This type of equation results in parallel 
regression lines that do not fit the data except when all three variables 
are at their mean values. In other words, it represents the chai^ 
in duff moisture caused by a change in relative hiunidity as constant 
r^ardless of air temperature. In order to reveal the true relation of 
air temperature and relative humidity to duff moisture, joint-corre- 
lation methods must be used. 

A regression equation of the type 

DM=a(^^K ( 2 ) 

was found to fit the data, as is clearly illustrated in figures 6 and 7. 
The lines of regression in figure 6 represent values computed separately 


I- '* 



iT -I 1 I 1 I I I 1 I I 1 I I 

3 S 10 IS 20 M 30 35 40 45 SO 55 SO 


° RELATIVE HUMIDITY (PERCENT) 

Fkutrs 6.— Average actual moisture content of duff on the clear'cut area at given relative humidities and 
air temperatures. (Basis, 206 sets of observations taken at 4:30 p. m.) 



Figure 7.— Average moisture content of duff on the clear-cut area at given relative humidities and air 
temperatures, as estimated by use of the regression equation +3.56. (Basis, 226 obser- 

vations taken at 4:30 p. m.) 


for each of the temperature classes shown; those in figure 7 were 
located by substituting values of temperature and humidity in 
equation 2. 

RH 

The use of the term -jt- is explained as follows: 

Relative humidity is the ratio between the quantity of water vapor 
in a unit of space and the maximum quantity that unit of space can 
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holdj temperature and pressure remaining constant. Absolute 
humidity is the ^tual quantity of moisture in a unit of space, usually 
expressed in grains per cubic foot. Let 


AH = Absolute humidity 

Absolute humidity at saturation. 


Then, by definition when temperature and pressure are 

constant. 

A 77 

But AH, depends entirely on T. Then RH=j^, where f{T)= 
some fimction of T, orjiT) (fill)— AH. If/(!r)=-^,then^^=A£r. 

In other words, ii J(T) equals -^)the reciprocal of temperature times 

relative humidity equals absolute hunudity. 

When the product o{J(T)XRH is absolute humidity in grains per 

cubic foot, /(TO does not vary as -^does, bvit equals the values shown 

RII 

in column 2 of table 5. Consequently, when (which is the same 


ns-jjXRH) is equated to absohite humidity the resulting values are 


not in units of grains per cubic foot, or in any other umts that can 
be identified. They are converted into grains per cubic foot, how- 
ever, if multiplied by the values given in columns 3 and 6 of table 6. 


RII 

Use of -j, - as e variable w^as very advantageous in the correlations 


of this study because (1) when this term is used as a variable the 
regression equation actually fits the data; (2) the term is an index 
of absolute humidity; ami (3) actual measurements of absolute 
humidity were not available in a form usable for the analysis, which 
was made by machine sorts and tabulations of punch cards. Owing 
to the availability of complete and lengthy records of temperature 
and relative hunudity, great use can be made of the results of a cor- 


relation involving 


RH 

~T 


as a variable. 


One advantage of a method of 


estimating fire danger through use of this variable is that it makes 
possible fire-danger ratings, for many stations, for past seasons dur- 
ing which records were made at those stations of air temperature 


and relative humidity but not of duff moisture. 
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Tab&i S.—~Th$ oiituM of f( T) in the equaUm f( T) XRH=*AH, and the valuet of X 
in the equation that give aheolute humiditiee in graint per eMefoat 


Air temperature 
(T.^P.) 

Values that 
humidities 
cubic foot 

give absolute 
n grains per 

/rn in the 
equation 
f(T)xBH^AH 

X, in the 
equation 

50- 

0.04076 

2.038 

56 

.04840 

2.667 

60 

.05745 

3.447 

66 

.06782 

4.408 

70 

.07080 

5.586 

75 

.09356 

7.017 


Air temperature 

Values that ' give absolute 
humidities in grains per 
cubic foot 

f(T)iathe 

equation 

f(T)XEn*AII 

-Y, in the 
equation 

80 

0.10934 

8.747 

85 

.12736 

10.826 

90 

.14790 

13.311 

96 

.17124 

16.268 

100 

. 19766 

19. 766 




If,' is used as an independent variable in the place of relative 


humidity the gross correlation with duff moisture is equally com* 
plete. as is shown by the coefficient Txa in table 6, which gives gross- 
correlation coefficients for all combinations of duff moisture and the 
six weather factors having the greatest influence upon it. 


Table 6. — Orose-correlation coefficients • for <M combinations of duff moisture {X) 
on clear-cut area and the six weather factors most important in rnation to it 





Numeri- 

cal value 

Correlation 
coefficient r 

Numeri- 
cal value 

Correla^ofi ' 
coefllciflht r 

Niimeri- 
(ial value 

XA 

+0.672 

-,576 

-.552 

-.636 

+.312 

-.146 

AB 

-0.778 

-.636 

-.667 

+.464 

-.210 

+.784 

BD 

+0.740 
-.020 
+. 133 
+.734 
-.085 
+.064 

DE, 

-0.007 

+.036 

-.227 

XB 

AC, 

BE 

DF 

xp. 

AD 

BF, 

EF 

XD 

AE. 

CD 


XK 

AF 

CE 

XF. 

BC, 

CF 





1 Baaed on 226 sets of afternoon observations taken l or more days after 0.01 inch of precipitation. Ex' 
planation of symbols: .4 ""relative humidity divided by air temperature; if "air temi)erature; C""maxl- 
mum duff temperature; D«evaporation; temperature of the dew point; i'*"numt)er of days since 
0.01 iuch of precipitation. 

GROSS AND MULTIPLE CORRELATIONS 

In an endeavor to find what group of vmables bear the closest 
relation to duff moisture, correlation coefficients were computed for 
all possible combinations of 2, 3, 4, 5, and 6 weather factors as inde- 
pendent variables with duff-moisture content as the conunon depend- 
ent variable. The multiple-correlation coefficients were computed 
from tiie gross r's according to the method outlined by Wallace and 
Soedecor (IB). They are given in table 7. 
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If we multiply term 1 by (wMch is the sum of squares for 
variable X), the product equals the sum of squares for X indepeudent 
of the part associated with variables A, B, C, D, E, and F. This sum 
can be coxmdered as the unexplained sum of squares, or “error.” 
If we multiply term 2 by Na^x the product is equal to the sura of 
squares for X associated with variables B, C, D, E, and F. 

The test of significance consists in comparing the variance, or 
mean square, derived from term 2 with the variance derived from 
term 1. .If, the variance of X explained by the variables B, C, D, 
E, and JP’ is significantly greater than error, then the correlation involv- 
ing all seven variables is really higher than the simple correlation 
involving variables X and A. 

When such a test of significance is made in practice, the actual 
values of terms 1 and 2 are used as “relative” sums of squares. 
Since both terms are multiplied by the same value (iV<r*x), their 
relative values are not changed, and the final test of significance 
(table 8) is based upon the mean squares. 


Table 8. — Computation of relative mean squares to be used in significance test 


Relative sums of squares 

Degrees of 
freedom 

Relative 

mean 

squares 

l^R^x.ASCDBFf or 0.5142 

N-7, or 219 

0.002348 

R^X.ABCDBF“^f^XAt Ot 0.0342*. . ......... ......... 

fi . - 

.006840 

l-r*jrA, or 0.5484 

N-2 





The mean squares are obtained by dividing the relative sums of 
squares by the degrees of freedom associated with them, respectively. 

The variance of X associated with B, C, D, E, and F can be com- 
pwed with error by means of the “2 test” developed by Fisher (f). 
The value of s is the difference between the natural logarithms of the 
two standard deviations; or, in terms of relative mean squares, 

z-yi log, (^0.002348/ 

The probability, P, of this value’s being exceeded by chance is 0.015, 
as determined from Fisher’s tables with the degrees of freedom shown 
in table 8. (As is shown by Fisher’s tables, 2=0.3974 and 0.5522 
when P=0.05 and 0.01, respectively.) 

According to ordinary statistical practice, P must be 0.05 or less 
if two variances are to be considered significantly different. In more 
refined tests of significance, P must be 0.01 or less. In this compari- 
son the odds are slightly greater than 1 to 100 that the observed 
difference is due to chance. While the infiuence of variables B to F 
is probably significant, the inclusion of these variables for the sake of a 
further rrauction in the remainiag variance of about 3 percent is 
impractical. 

BSTIHATES OF DUFF MOISTUBE FBOM ABSOLUTE-HUMIDITY IKDEX FOB CLEAB-CUT 

ABEA 

The regressipn equation given in . the legend of figure 8 and the 
regressicm line shown in the figure, which are based on values computed 
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Iw st&iulu?d methods from all available afternoon measuremente for 
the dear-cut area, provide a means of estlmatii^ duff moisture con- 
tent from air temperature and relative humidity combined in the 
form of the a^lute-htunidity index. The correlation coefficient for 
these two variables was foimd to be +0.62; since r* equals 0.38, it is 
evident that only 38 percent of the variation in duff moisture is 
explained by the absolute-humidity index. Also, the standard error 
of estimate is ±2.49 percent. Thus, large errors are necessarily 
associated with single estimates of duff moisture based on the absolute- 
humidity index. However, the standard error of an average of esti- 
mates^ varies in inverse pr^ortion with the square root of the niimber 
of ^timates averaged. Thus an average of 100 estimates of duff 
moisture has a standard error of ±0.25 percent, and an average of 50 
estimates ht^ a standard error of ±0.35 percent and hence is accept- 
able for use in rating the severity of a fire season. 



Fioube 8.*— Duff moisture and absolute-humidity index f j on clear-cut area. (Basis, all available 

afternoon data, 793 observations taken at 4:30 p. m.) .4»Refative humidity divided by temperature; 
A’«dufl moisture content; correlation ooeflQcient (rx a) » +0.62; standard error of estimate (S^x.i4)-db2.49 
percent; regression equation l8JIC’»10.0Q4|||t*3-40. 

The low correlation and its high standard error of estimate preclude 
any possibility of substituting the simple measurement of temperature 
and relative hiunidity for the more difficult measurement of duff- 
moisture content in field practice. That is, duff moistyre cannot be 
estimated from measurements of these two atmospheric factors with 
a degree of accuracy satisfactory for forest-protection purposes. Also, 
this method of estimating is entirely inapplicable on the day of a rain 
or on the day foKowii^ a rain. 

CORHEIATIONS BETWEEN DUFP-MOISTURB CONTENT AND ABSOtUTE-HUMIDITY 
INDEX FOR HALF-CUT AND FULL-TIMBERED AREAS 

Correlat4on3 betyr^eu duff-moisture content and the absolute- 
humidity mdex are spipeyrhat lower for the half-cut and full-timbered 
areas than for the clear-cut area. 1 High fuel moistures tend to prevail 
on shaded areas. is seen from figure 5, small changes* ^^tempera- 
ture and relative humidity have , a greater effect on high fu^l jnoistuices 
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l^an m low ones. As a result, no doubt duff-moisture content is in 
eqtdltbiium 'witb. the weather loss often on timbered sites than in the 
open. Forest cove* smooths out rapid fluctuations in weather much 
less than it retards the drying-out process in the fueb. 



0.10 o.ao 0.30 ^46 aso oeo 070 oso ooo too Tio lao TSo uo i5o Too 


ABSOLUTE- HUMIDITY INDEX 

FrauBi 9.— Duff moisture and absolute-humidity index on half-cut area. (Basis, 206 observations 

taken at 4:30 p. m. not less than 5 days after 0.01 inch of precipitation.) .4 «*Belatiye humidity divided 
by temperature; X«>dul! moisture content; oorr^tlon ood&cient (rx.,i) +0f«; standard error of 
estimate {8x.a)”*±2,7B; regression equation is X>«7.2&4-f0.41. 



ABSOLUTE- HUMIDITY INDEX 

XioirBi 10.— Duff moistare and abt61ate*hiiiuidity Index on full-timbered area. (Basis, 901 

^ obisrvalloiis taken at 4:90 p.m..tmt less than 0 days after 0.01 inch of piedpltation^ For Unetf legiei* 
sioii, ooirslation ooeffident <f x.a>«> 4>0.S0) standard erfor.of estimate a^ reimM^eap; 

tloh is JE»10.i$i4-N.90: for eurvtUnear regieflsion, correlation index &y. 4 )« 0 .il 0 , and standao^ error of 
iiSimte»dk9.84 psfeeai.) 

HfftiMs 0 and 10 show regreasiosui, coefiShientB, ax4 

atsn&cd emns <ff eatimate eomputed from the afternoon data fSr 
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the half-out and full-timbered sites after elimination of all observations 
made less than 5 days and less than 6 days, respectively, after 0.01 
inch of precii>itation. 

On inspection of figures 9 and 10 a legitimate question arises, 
espMially in the latter case, as to whether the ctirve of best fit is a 
straight line. A curve line was fitted to the data in figure 10 and 
its correlation index, symbolized by p, was found to be +0.69. A 
test of significance performed by Russell's method, previously de- 
scribed, revealed that there is no re^ difference between the correla- 
tion co^cient for the linear regresdon and the corrdation index for 
the curve. ^ Hence, the fit of the straight-line r^ession is satisfactoiy. 

Correlations between duff moisture and the absolute-humidity 
index for the half-cut and full-timbered areas are of little practical 
value becauM of the hi^ standard errors of estimate and because 
such correlations cannot be used until 5 days and 6 days, respectively, 
after 0.01 inch of precipitation. 

CORRELATION OF DUFF MOISTURE WITH ABSOLUTE-HUMIDITY INDEX ON BASIS OF 

UNRESTRICTED DATA 

The most usable method of estimating duff moisture from the 
absolute-humidity index would be one that could be applied on rainy 
days and on days immediately followiim rainy days, as well as at 
other times. By any method now available, little seems to be gained 
by making a correlation of duff moistiu’e with the absolute-humidity 
index on the basis of data includii^ measurements taken during and 
soon after rain. The effect of such procedure is to make the reg^- 
sion curvilinear. By the addition of free water to duff during rainy 
periods the duff-moisture content is increa^ much more than it 
could be increased by atmospheric humidity, even the increased 
humidity existing dxuing such periods.^ 

By inclusion of ramy-weather data in the basis of a corrdstion of 
duff moisture with absolute-humidity index for the clear-cut area, 
the correlation coefficient is increased from +0.62 to -1-0.76, but the 
standard error of estimate is increased from ±2.49 percent to ±9.19 
percent. Thus an average of 100 observations based upon the curve 
would have the fairly large standard error of ±0.92 percent. 

CORRELATION OP YESTERDAY’S TEMPERATURE AND RELATTVE HUMIDITY WITH 

TODAY’S DUFF MOISTURE 

The fact is well recognized that forest fuels do not respond instantly 
to sudden changes in the weather. The moisture content of any 
heavy fuel lags considerably. Since duff is an extremely light and 
porous matenal, its moisture content is more closely correlated with 
atmospheric conditions than that of other forest fueis; but even duff 
moisture is slower to change than humidity and temperaturo. A 
question arises as to whether duff moisture lags enough to justify 
correlating today’s duff-moisture content with yesterday;s weamer. 

The importance of yesterday’s temperature and relative humidity 
as compared with today’s in relation to current duff moisture was 
examined by analyzing the records made on the dear-cut area when 
the number of days siuoe 0.01 inch of precipitation wiu 2 or more. ^ In 
computiim die al^lute-humidity index different weights were given 
to the observations taken on the 2 days, respectively. For m- 
stance, in one correlation between duff moisture and abwilute-hunud- 
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ity index the latter was an average we^hted in the ratio of 1 part 
for yesterday to 3 parts for today. This correlation producra a 
higher coefficient than any of the other combinations, +0.71; but 
the improvement in correlation indicated by this coefficient was not 
large enough to be significant.^ Hence, it appears that duff moisture 
on the clean-cut area lags behind the weather but slightly when the 
number of days since 0.01 inch of precipitation is 2 or more. This 
restiicti<m on the data has, of course, excluded the influence of most 
periods of unsettled weather, in other words of most of those days 
when the greatest lag in duff moisture would be expected. 

CORRELATION OF M-INCH-WOOD MOISTURE AND ABSOLUTE-HUMIDITY INDEX 

Two correlation were made between K-inch-wood moisture and 
the absolute-humidity index by use of the afternoon measurements 
taken on the clear-cut area. In the first, all observations made less 
than 2 days after 0.01 inch of precipitation were rejected. The 
relation disclosed by tins correlation (fig. 11), the regression for which 



Figure 11.— Moisture content of H*iucb wood and absolute-humidity inde-vf-^Jon clear-cut area. 

(Basis, 222 observations taken at 4:30 p. m. 2 or more days after 0.01 inch of predpit^ion.) v4«*relati ve 
humidity divided by temperature, r* H*ln<*-wood moisture content. Correlation coefficient (r , ^ - 
+0.68. Standard error of estimate -±1.87. Regression equation is Y-10.27^+1.83. 

is luear^ is sHghtly closer than that brought out by any of the corre- 
lations previously made; the con'elation coefficient is +0.68, and 
the standard error of estimate is ±1.87 percent. In the second 
correlation, use was made of all available afternoon data for the 
clear-^ut area, including those that had been rejected in the first. 
As will be seen from figure 12, the regression is curvilinear. This is 
due almost entirely to the influence of precipitation. 

An advantage and a disadvantage are associated with use of either 
of these two correlations for the purpose of estimating }^inch-wood 
moisture from the absolute-humimty index. For estimates based on 
the curvilinear regression the coefficient was exceptionally high, 
+0.90, but the standard error of estimate was ±7.46. Thus whereas 
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an average of 100 estimates based on the linear regression would 
have a standard error of only ±0,19, an average of 100 estimates 
from the curve would have a standard error of ±0.75. The linear 
regr^fflon applies only when the number of days since 0.01 inch of 

f irecipitation is at least 2, but the curvilinear regression can be u^ 
or all days, "[^ere s^ms to be little choice between the two, since 
use of the first is restricted and use of the second permits re$ksonably 
accurate estimates only if at least 100 observations are averaged. 


I- 



I 


Figure 12.— Moisture content of H-lnch wood and absolute-humidity index clear-cut area. 

(Basis, all available afternoon data, 494 observations taken at 4:30 p. m.) For linear regression, corre- 
lation coefficient « +0.79, and standard error of estimate»±10.6 percent. For curvilinear regression, 
correlation coefficient « +0.90 and standard error of estimate*- :£:7.46 percent. 

RECOMMENDAflONS FOR FURTHER WORK 


The results of this analysis suggest several recommendations for 
further work. 

Although in tliis study correlation of total air movement during 
the daytime with the moisture content of lightweight fuels revealed 
no significant relation, it is possible that a significant relation exists 
between wind velocity during the hours of rapid drying only, say 
9 a. m, to noon, and afternoon fuel moisture. The effect of wind 
should be further investigated. 

It might be well, also, to investigate under northern Rocky Moun- 
tain conditions some variables not considered in this analysis, such 
as solar radiation and soil moisture. Results of a study by Stickel 
(fO^ indicated a slight correlation between these two factors and duff 
moisture in the Adirondacks. At present satisfactory methods of 
measuring these variables are wanting, especially in the case of soil 
moisture. 

44864—36 4 
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Some y^uable infonnation be obtained through study of 

the correlation between fuel moisture and saturation deficit of the 
atmosphere; that is, the quantity of water vapor that would have 
to be added to the atmosphere at a given time in order to produce 
saturation. This factor provides a measure of the drymg power of 
the atmosphere. 

SUMMARY 

In efforts toward satisfactory control of the forest fires that do 
tremendous damage in the United States each year, especially in 
the northern Roc% Mountain region, forest administrative officers 
are aided by current knowledge of fire danger — that is, of the sum 
total of the factors that determine whether fires will start, spread, 
and do danu^e. A complete understanding of current fire danger 
is difficult to obtain, because many factors are involved. By makmg 
observations or measurements of several of the most important 
factors and properly integrating them, however, the forest protection- 
ist can determme the rSative fire da^er existing at a given time 
and place. Such a determination guides him in deciding whether 
and if so how much Ids force should be temporarily expanded or 
reduced, and how it should be distributed. In addition, through 
knowledge of the influence of given factors on fire danger the pro- 
tectioi^t is assisted in interpreting weather fqrec^ts and thus in 
pr^ariog for all classes of fire danger that are likely to arise. 

Fuel-moisture content has a very important bearing upon the ease 
with which fires start and the rate at which they spread. Weather, 
in turn, is the principal determinant of the moisture content of fuels. 
Current weather bears an especially close relation to the moisture 
content of duff and small branch wood, two fuels that are very widely 
distributed and that cariy fire from tree to tree and from log to log. 
The relation between individual weather elements and the moisture 
content of these lightweight fuels must be understood before the 
proper weight can be assigned to each of the many weather factoi’s 
that contribute to fire danger. 

At the Priest River, Idaho, branch of the Northern Rocky Moun- 
tain Forest and Range Experiment Station, simultaneous daily 
measurements have been made, beginning in 1924, of duff-moisture 
content and the following weather elements and related factors: Max- 
imum, minimum, and current air temperature; temperature of the 
dew point; current, minimum, and average relative humidity; precipi- 
tation, and the number of days since 0.01, 0.10, 0.20, 0.30, and 0.40 
inch, respectively, of precipitation; and evaporation. Beginning in 
1929, measurements were made also of K-mch-wood moistiure. Wind 
and maximum duff temperature were added in 1930. Those measure- 
ments have been made on three adjacent sites in the western white 
pine t 3 rpe, approximately alike in all respects except that one is clear 
cut, one-half cut, and one fully timbered. 

The fundamentfd relations between the individual weather ele- 
ments measured and duff-moisture content for the clear-cut area were 
examined by means of multiple-correlation analysis. The results 
of the analysis do not apply to a rainy day or to a day immediately 
following rain. Data for such days were eliminated to avoid per- 
sonal'eriors of fitting freehand curves and to facilitate andysis. 
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The analysis has definitely shown that of the weather elements and 
related factors examined current air temperature and relative hu- 
midity have the most important effect upon the moisture content of 
surface duff. Of 14 other weather factors studied, the most imp or^ 
ant were found to be wind, evaporation, duff temperature, tempera- 
ture of the dew point, and number of days since 0.01 inch of pre- 
cipitation. Current air temperature and relative humidity were 
found to explain all but about 3 percent of the total variance m duff- 
moisture content associated with those factors and the additional 


factors just listed. Thus inclusion of the latter in further correla- 
tions was impractical. 

In this analysis great advantage resulted from the use of the van- 
RH 

able -ffT* which represents the ratio of relative humidity to air 


temperature and constitutes an index of absolute humidity. One 
advantage foreseen in a method of estimating fire danger through use 
of this variable was that it would make possible fire-danger ratings 
for the past seasons during which records were made of air temperature 
and relative hiunidity but not of duff moisture. 

Correlations of dixff moisture with relative humidity and air 
temperature showed errors so large as to preclude all possibility that 
estimates of duff moisture based on simple measurement of humidity 
and temperature can be substituted satisfactorily in field practice 
for actual duff-moisture measurements. Averages for as many as 50 
estimates based on these correlations, however, are acceptable for use 
in rating the severity of a fire season. 

Coefficients of correlation of duff moisture with relative humidity 
and air temperature for the half-cut and full-timbered areas were 
slightly lower than those for the clear-cut area, and had la^er errors 
associated with them. The usefulness of these correlations is re- 


stricted also by the fact that they do not apply until 5 days and 6 
days, respectively, after rain. 

Coefficients of correlation of J^-inch-wood moisture with relative 
humidity and air temperature for the three areas differed but little 
from those of duff moisture. 
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THE EFFECT OF DIRECTION OF ILLUMINATION UPON 
THE VISIBILITY OF A SMOKE COLUMN ‘ 


By Charles C. Bvci:,mniorforesler, and Wallace L, Tovb, junior engineer, Cali- 
fornia Forest and Range Experiment Station, Forest Service, United States 
Department of Agriculture * 


INTRODUCTION 

Preliminary investigations in the detection of forest fires at the 
California Forest and Range Experiment Station were based on 
the assumption that the visibility of smoke columns in the field 
would vary as the visibility of the landscape with varying conditions 
of atmospheric suspensoid concentration and with the position of 
the sun. This led to the determination of the effect of direction 
of the sun with respect to the observer’s line of sight upon the visi- 
bility of natural features in the landscape through analysis of a 
large number of lookout observations oi natural targets on the 
Shasta National Forest. Later observations of test-fire smokes, 
however, indicated clearly that the visibility of smoke columns as 
reflected in fire-discovery time does not vary in the same manner as 
landscape visibility. The following laboratory experiment was 
devised, therefore, to determine in just what manner the visibility 
of a smoke column varies with different positions of the sun with 
respect to the observer’s line of sight. 


MATERIAL AND METHODS 


With other factors constant, the visibility of a smoke column 
varies as a function of its brightness. In order to isolate and meMure 
the variation in visibility due to changes in brightness, the variable 
influences of background, glare, and atmosj^eric suspensoid were 
eliminated from the experimental set-up.® The two elements pri- 
marily concerned in the relationships to be determined, then, were 
a column of smoke and a light beam of parallel rays. 

Figure 1 shows the arrangement in plan and elevation of the 
equipment as it was set up for the experiment. The beam of parallel 
rays was produced by a 400-watt projection lantern (a) with the 
projection lens removed, operating on an alternating-current circmt. 
A wooden frame in the form of a tank, 3 feet deep and 12 feet in 
diameter, was built and set 1 foot above the floor. This tank was 


* Received for publication June 15, 1936; issued February 1936. ^ 

’ The authors wish to acknowledge Indebtedness to A. A. Brown, associate silviculturist at the Cali- 
fornia Forest and Range Experiment Station, who initiated the experiment, made arra^ments for 
obtaining the laboratory in whidh it was performed, and gave considerable time to the mneru supervision 
of the work. They also wish to thank Professor Minor of the optometry division of the Univereity of 
California for his interest and for suggestions offered in organizing the experiment, and Professor Boelter 
of the engineering department of the university for his cooperation and for his kindne^ in oiOering criticisms 

• Certafn conclusions, however, relative to the effwt of atmospheric suspensoid material upon visibility 
have been drawn from the laboratory observations. 
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lined with black builder’s felt to eliminate variations in background 
and minimize the reflection of stray light. In the center of the tank 
was placed an inverted funnel-shaped hood (6) in which the smoke 
was produced. Eight inches above the top of the hood was placed 
a flue (c) to carry of! the smoke and create a draft to keep the smoke 
in a uniform column. A specially constructed tube (d) was placed 
in front of the projector to adjust the size of the light beam and 
absorb the small amount of nonparallel rays produced b^ the pro- 
jector. The beam of light was directed tlu’ough the side of the 
tank at a height 2 inches above the top of the hood in the center of 
the tank. An 8-inch tube 3 feet long with one end closed (e) was 
hung in line with the beam of light to intercept it after it had passed 
through the smoko column, thus eliminating any reflection from the 
opposite side of the tank. The projector was mounted on an ele- 
vating frame (f) so that the light source could be adjusted to corre- 
spond with varioip elevations of the sun. All equipment was painted 
with flat black paint and observations were made in a totally darkened 
room. 

The smoke column was produced by burning Chinese punk, the 
desired concentration of smoke being obtained by varying the num- 
ber of punks burned at one time. A baffle plate at the lower end 
of the neck of the hood broke up the smoke and produced a uniform 
column 2X inches in diameter regardless of the number of punks 
burned. The punk burned at a uniform rate and produced a smoke 
similar in color to actual smokes observed in the field. 

The diameter of the light beam was adjusted to the diameter of 
the smoke column so the apparent illuminated area of the smoke 
remained approximately the same regardless of the position from 
which it was observed. 

A Macbeth illuminometer was used to measure the brightaeM of 
the illuminated smoke column. Measurements of smoke visibility 
given are based on the brightness of the smoke measured with this 
instrument in international candles per square foot. 

Measurements of brightness and visibility of the illiminated 
smoke column were made at observation stations placed at intervals 
of 22%° around the tank in the same horizontal plane as the illumi- 
nated portion of the smoke column. These stations are designated 
by the angle abh in the diagram, in which the illuminometer (A) is 
shown at station 135°. 

EXPERIMENTAL DATA 

In the preliminary laboratory tests, observations wifii the Bennett- 
Casella visibility meter,* used for visibility measurements in the field, 
were made simultaneously with observations^ with the Macbeth 
illuminometer in order to establish^ the relationship between the 
brightness of the smoke and the visibilify-meter readings with a 
black background. Table 1 is a summary of the average brightness 

* Bsnnxtt, M. Q. a visiBltlTY MKTXR. JouT. Sci. Instruments 8 (4); 123-126* 1031. 
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values obtained. In fi^re 2 visibility-meto readings are plotted 
over these values on a logarithmic scale. Since the plotted points 
fall along a straight line it follows that the visibility-meter readings 
are a simple multiple of tlie logarithm of the brightness. 



LOC (VsaUARE FEET 
BRIGHTNESS CCANOLES PER SQUARE FOOf) 


Figure 2.'— Relationship of Bennett-Casella visibility-meter reading to brightness of smoke column. 


Table 1. — Relationship between BennetUCasella visibility-meter readings and 
brightness measurements of smoke columns 


Visibility-meter reading 

Brightness 
(candles j)er 
square foot) 

- , / candles \ 
^ \square fobtXlO*/ 

6 - 

0.0087 

1.940 

7 

.0158 

2.199 

8 

.0198 

2.297 

9 

.0314 

2.497 

10 i 

.0825 

2.916 

11 

.1140 

3.057 

12 

.1080 

3. 225 

13 

.2400 

3.396 

14 

.4210 

3.624 



There is a decided inequality in the graduations of opacity of the 
various filters in the visibility meter, resulting in the failure of the 
plotted values in figure 2 to fall exactly on a straight line. This 
mequality in the steps of opacity also gives visibility-meter readings 
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slightly too low for low values and approximately the same amount 
too high for high values (fig. 3). The approximate relation^p 
indicated, however, when brightness is expressed in candles per square 
foot, is— 

where V is visibility-meter reading. 



Figure 3. -Effect of direction of illumination on the visibility of a smoke column. 


In the preliminary observations a lar^e number of brightness 
measurements was made with the line of sight in a horizontfu plane 
and the light source in positions varying from horizontal to a vertical 



ANOLC eerWECN incident light and OB5CRVER 

Figure 4.— Effect of direction of illumination on the brightness of a smoke column. 


angle of 50® with respect to tlie smoke column, and the effect of direc- 
tion of illumination on the brightness of the smoke Qolumn was 
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determined. Considerable vaimtion was noted in brightness meas- 
urements taken at different times, resulting in differences in the 
numerical values obtained. A representative set of measurements 
is given in table 2 and shown graphically in figures 3 and 4. The 
angles indicated axe the angles measured at the smoke between the 
light source and the observer. Visibility-meter readings given are 
determined £rom the brightn^ measurements throiigh the relation- 
ship shown in figure 2. This was done to smootli out the roughnesses 
in mdividual viability-meter readings. 

Table 2. — EjSfect of direction of iUuminaiion upon the brightness of a smoke column ^ 


Station (degrees) 

Illuminom- 
eter reading > 

Brightness 
/ candles \ 

Log (BX10<) 

[lA>g(/?X 1001X3.6 

Visibility- 

meter 


Vsqiiarefoot/ 



reading 

no 


0.0300 

2. 477 

8.9 

8.6 

11.26 

3. 19^9 

.0249 

2.396 

8. 6 

8.2 

22.6 

2.76-49 

.0216 

2.334 

8.4 

8. 0 

46.0 

2.24-49 

.0176 

2.246 

8.1 

7. 6 

67.6 

2.81-49 

.0220 

2.342 

8.4 

8.0 

90.0 

4.23-49 

.0331 

2.620 

9.1 

8.8 

112.6 

8. 71-49 

.0684 

2.836 

10.2 

10. 

186.0. 

6.16-12 

.1710 

3.233 

11.6 

12. 

157.6 

12.30-12 

.8410 

3.633 

12.7 

13. 

170.0 

14.06-12 

.3890 

3.690 

12.9 

13. 

180.0 

I 

.4000 

3.602 

13.0 

13. 


i Smoke deiislty«>6 punks; vertical angle: incident light»0*’, observation Variation in Illumination 
at smoke column«*91.6 to 90.0 foot-candles. Tabulate values in column 2 are averages of values taken at 
plus and minus horizontal angles; values for 0° and 180*^ in column 3 are extrapolated; values in column 6 
Udten from flipire 2. 

s Filter na 49'-candles/square foot*>reading X 0.00784; filter no. 12--candle6/square foot«=reading X 0.0277 

Several sets of observations resulted in variations in the numerical 
values of brightness obtained, but the trends of increasing brightness 
with increasing angle were all of the same shape. These variations 
were traced to two varying factors in the set-up: Light intensity of 
the soiurce, affected by changing voltage in the light circuit; and 
den^ty of the smoke column, affected by changes in the draft up 
the flue, which depended both upon outside air temperature and 
temperature of the room. To eliminate these variations, a voltmeter 
was placed in the light circuit and a photronic cell* in the light 
beam behind the smoke column. It was assumed that when the 
voltage remained constant any variation in the reading of the pho- 
tronic cell was caused by variation in the smoke density. In the 
final observations readings were taken only when the voltmeter and 
photronic cell measured constant values. 

After the trend of brightness had been established for various angles 
between the light source and the observer with both in a horizontal 
plane, several series of observations were made with the line of sight 
of the observer in a horizontal plane but with the light source raised 
to various vertical angles to correspond with the varying elevations 
of the sun. The resmts obtained from these observations did not 
check with computed values, for the reason that elevating the light 
source increased the volume of smoke illuminated, thus increasing 
its appaxent brightness. In the field, where the entire smoke column 
is in sunlight, an increase in the elevation of the sun does not increase 
the volume of smoke illuminated. With the light source in a hori- 
zontal plane, a series of measurements of brightness was made from 

Jb. the FHOTBONic ILLUMINATION METER. Illuminating Engin. Soo. l^ns. 27; 
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various vertical angles at different horizontal stations. The values 
thus obtained corresponded with the values obtained in a horizontal 
plane at an angle equal to the “spherical” angle between the light 
source and the observer. These observations indicated that the. 
angle measured at the smoke column between the light source and 
the obrerver determines the effect of direction of iuumination . on 
the visibility of a smoke column regardless of the azimuths and ele- 
vations of any of the three points. All later observations were taken 
in a horizontal plane, since the horizontal angles between light source 
and observer could be substituted for “spherical” angles directly. 
In figure 5 is shown the effect of direction oi illumination for different 



HOaiZONTAL ANGLE 

Figure 5.— Effect of different elevations of the light source on visibility of a smoke column. 

elevations of the light source. Table 3 gives the equivalent angles 
for different horizontal and vertical components. 

Table 3. — Angle between light source and observer for given horizontal and vertical 

ari^le components 
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Measurements of the effect of concentration of the smoke column 
on its brightness and on its light-transmission factor were made at 



CONCENTRATION OF SMOKE 

Figure 6.~Eflect of concentration of smoke on its brightness for different angles (indicated on curves) 
between (horizontal) light source and observer. 


the same time. The concentration of smoke was varied by placing 
additional pimks under the hood, the number ranging from 1 to 14. 
The heat caused by more than this number produced an exceptionally 



stronjg draft, which resulted in discrepancies in both brightness and 
light-transmission measurements. Readings of brightness were taken 
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at five stations for each change in concentration of the smoke (table 4). 
These values are shown graphically in figure 6. Figure 7 is derived 
from figure 6 by cross-plotting the five curves in the latter. 

The photronic cell was used to record the foot-candles of lig^1> 
passing through the smoke colunm. For each change in the con- 
centration of the smoke, as determined by the number of punks 
burned, the meter of the photronic cell was watched, and the reading 
that seemed to represent the most stable and uniform condition of 
the smoke was tabulated. These values for the various concentra- 
tions are given in table 5 with their corresponding percentages of light 
transmission, which are presented graphically in figure 8. 



Fioure 8. - Effect of concentration of a smoke column on Its transmission of light. 


Table 4. — Effect of concentration of the smoke on the brightness of a smoke column 
at different angles between light source ana observer ^ 


Concentra- 
tion of smoke 
column 
(number of 
(punks) 

22.5® 

90® 

112.6® 

135® 

157 

.5® 

Illumi- 

nometer 

reading 

Bright- 
ness > 

Xllumi- 

nometer 

reading 

.■so 

Bright- 

ness* 

lllumi- 

nometer 

reading 

Bright- 

ness* 

Ulumi- 

nometer 

reading 

Bright- 

ness* 

Illumi- 

nomet^ 

reading 

Bright- 

ness* 

2 

1.0 -40 

0.0149 

3.3 -49 

0.0250 

2. 1-12 

0 0582 

4.6 -12 

0.128 

6.0-12 

0.166 

3 

3 3 - 


4J) - 

.0314 





7.75- 

.215 

4 

3!o - 

.0236 

4.7 - 

.0368 

4.0- 

.1110 

7.76- 

.215 

9.0 - 

.260 

A 

3 55- 

J)279 

6.3 - 

.0416 





10. 6 - 1 

.293 

6 

3! 6 - 

.0282 

6.37- 

.0421 

4.^ 

.1280 

8.3 - 

.230 

11.75- 

.325 

8 

4.4 - 

.0345 

6.8 - 

.0456 

6.1- 

.1690 

10.6 - 

.294 

13. 4 - 

.372 

9 

5. 6 - 

.0439 

6.76- 

.0630 





16. 0 - 

.416 

10 

14 - 

.0345 

6.8 - 

.0632 

6.1- 

.1690 

12.4 - 

.344 

16.5- 

.467 

12 ; 

6.9 - 

.0641 

9.0 - 

.0706 

1 5- 

.1800 

12.6- 

.349 

19.2 - 

12 

.532 

14 

6.2 - 

.0486 

11.6 - 

.0902 

7.1- 

.1970 

18.4 - 

.427 

6.6 -49 

.686 

1R 





7.3- 

.2020 





IS 







18.0 - 

.498 















1 Illumination at smoke colunm: 130.0 foot-candles. 
« Candles 
Square foot* 
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Tabia fi . — Bffett of eoneerUration of a tmoke column on tran»mi$$ion of light 


Oonoentra» 
tionof 
smoke 
oolomn 
(number 
of punks) 

Light 

tr^- 

mitted 

Trans- 

mission 

factor 

Oonoentra- 
tion of 
smoke 
column 
(number 
of punks) 

Light 

trans- 

mitted 

Trans- 

mission 

factor 

Oonoentra- 
tlonof 
smoke 
column 
(number 
of punks) 

Ill 

Trans* 

mission 

factor 

0 

Foot- 

eandUa 

33.1 
82.6 

32.2 
32.0 
31.8 

Percent 

100.0 

98.5 

07.4 

00.7 

06.0 

6 

FoU- 

candlea 

32.0 

81.8 

31.6 

31.4 

Percent 

06.7 
06.0 

05.1 

04.8 

10 

Foot- 

candlea 

31.2 

Percent 

018 

1 

6 

11 

2 

3 

7 

8 

12 

31.0 

03.6 

is _ 

4 

0 - 

14 

31.0 

93.6 





No measurements were made of the effect of suspensoid in the 
atmosphere, since there was no way in which the suspensoid could be 
illuminated ui^ormly in the laboratory. The foot-candles of %ht 
from a point light source decrease as tire square of the distance from 
the source: hence the atmospheric suspensoid would be much more 
strongly illuminated near the light source than at some distance 
from it. This relationship was checked in the laboratory. For the 
same reason no observations were made with illuminated backgrounds. 

It was observed liiat the veiling brightness of the illuminated at- 
mospheric suspensoid increased in the same manner as the brightness 
of the smoke column when the angle of observation with respect to 
the light source was increased. Incidentally it was noted that a 
smoke column illun^ated only by diffused light was visible through 
a considerable densily of atmospneric suspensoid as long as the line 
of sight through the suspensoid was in shadow. When the line of 
sight passed through a short distance of illuminated suspensoid, 
however, Hie smoke column became decidedly less visible even though 
the obsOTver was in shadow. The observer here remained in shadow 
to eliminate the effect of glare. 

DISCUSSION 

Before any general conclusions can be drawn, some explanation of 
the various measurements of brightness and visibility must be made. 
In the laboratory, color contrasts were not considered and back- 
ground was held constant with a brightness of zero. The visibility 
of the illuminated smoke column was therefore a function of its 
brightness. 

According to Fechner’s law, the eye reacts to variations in the 
stimulus as the logarithm of the stimmus. Thus the visibility of the 
smoke column vanes as the logarithm of the brightness. A compari- 
son of figures 3 and 4 indicates the relationship between the bi^ht- 
ness of the Ulununated smoke column and its visibility. The bright- 
ness measured in absolute units in figure 4 increases, from a minimum 
at an angle between light source and observer of 45°, to approximately 
19 times this value at an angle of 170°. In %ure 3, however, when 
the logarithmic values are j^otted, it is seen that uie visibility in- 
crease only by aimroximately 62K percent in the same interval. 
A further study of figure 4^ indicates tiiat Bennett-Casella visibiHty- 
meter readings are approximatdiy in proportion to the ^risibility of 
the nnoke column. 
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Some consideration should be ^ven to the cause of the phenomenon 
of increasing brightness with mcreasing angle between the light 
source and line of sight of the observer, as illustrated in the curves of 
figure 7. The brightness of the smoke column observed at angles of 
less than 90° is caused principally by light reflected by the «noke 

f iarticles, while at angles greater than 90° the brightness is caused 
aigely^ by transmitted scattered light. Since the smoke column 
transmit much more light than it reflects, the br^htness of the 
column is considerably greater when observed from the huger angles, 
light incident on a smoke column is either reflected or scattered and 
at least partially polarized, depending on the me and character of 
the individual smoke particles; and uie light reflected or scattered 
by each particle may be reflected or further scattered many times by 
additional particles in its path. The minimum brightness measiue- 
ments obtained were rerarded at station 45°, the sum of the multiple 
reflected and scattered light being at a minimum at this point. This 
causes the curves to take the form of a trigonometric function of the 
angle between light source and observer 45° out of phase. 

The phenomenon of increasing brightness of smoke with increasing 
angle between the sun and observer is of importance because it not 
oiuy detei^nes the relative intrinric visibility of a column of smoke 
as determined by the direction from which the smoke is observed, 
but has a strong influence on the detrimental effect on viability of 
haze in the form of solid suspensoid material in the atmosphere. 

In addition to producing a veiling brightness which lowers viability 
by decreasing the contrast between the smoke column and its back- 
ground, suspensoid material in the atmosphere^ also decreases the 
visibility of an object by decreasing the transmission of light reflected 
from the object through the atmosphere to the obse^er. Figure 8 
illustrates the manner m which this transmitted light is decreased by 
various concentrations of suspensoid material in a smoke column. 
It is assumed here that light transmission through a longer distance 
of less concentrated suspensoid would follow the same trend ^ that 
indented for the smoke column. Further laboratory work is now 
being planned to determine the relative effects of concentration and 
distance upon the transmission of light through an atmosphere con- 
taining suspensoid material. The relatively hi^h light-transmission 
factor of a smoke column obtained in the experunent indicates that 
in general the detrimental effect on viability of an atmospheric 
suspensoid is probably more attributable to veiling brightness than to 
decreased light transmission. 

CONCLUSIONS 

Although it is unlikely that relationships observed in the laboratoiy 
wojfld ever be as sharply deflned in the field, where a laige number of 
variable factors is inevitably encountered, the same trends will be 
followed. The results of a series of laboratoiy experiments to deter- 
mine the effect of certain factors on the visibility of a smoke column 
may be mven, then, in terms of field observations, as follows: 

(1) The angle measured at the smoke between the siin and the 
observer determines the effect of direction of illumination on the 
viability of a smoke column regardless of its azimuth or position of 
the sun as determined by the time of day. 
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(2) In atmosphere containing little or no suspensoid material, 
the visibility of a smoke column is influenced appreciably by the 
relative position of the sun with respect to the hne of sight of an 
observer. There is little variation m the visibility of the smoke 
column with changes in the angle between the incident light and line 
of observation from 0° to 90° — that is, with the sun varying in posi- 
tion from directly behind the obseper to a line at right angles with 
his line of sight. When the angle is greater than 90° there is a very 
marked progresrive increase in the visibility of the smoke until the 
observer is looking almost directly into the sun. The smoke is not 
visible when the sun forms its background. 

(3) When there is an appreciable amount of suspensoid material 
in the atmosphere there is a decrease in the visibility of a smoke 
column viewed through the atmosphere owing to a combination of 
two factors — decreased light transmission factor of the atmosphere 
and veiling brightness of the suspensoid material. The first factor 
is constant for a given suspensoid concentration, while the second is 
present only when the suspensoid is illuminated and varies not only 
with suspensoid concentration but also with direction of illumina- 
tion with respect to the observer’s line of sight. 

(4) The visibility of an object is decreased when the concentration 
of atmospheric suspensoid through which the object is viewed is 
increased. When the sun is behind or at right angles to the observ- 
er’s line of sight, this decre^e in visibility may be caused largely 
by decreased ught transmission of the atmosphere, but with aimles 
between the sun and observer greater than 90°, the detrimental effect 
of veiling brightness on visibOity is much greater. 

(5) The increasing brightness of suspensoid particles with increas- 
ing angle between the sun and observer’s line of sight definitely 
awcts the ea^ with which fires may be detected by lookout observers. 
When there is present an appreciable concentration of atmospheric 
si^pensoid material, the visibility of landscape features in the general 
direction of the pn is decreased by the veiling brightness of the 
suspensoid material. The same factor, however, wluch causes the 
increa^ brightness of the atmospheric suspensoid also increases 
the brightness of a smoke column observed in that direction. _ The 
net result, then, is that even with a relatively high concentration of 
atmospheric suspensoid material present, smoke columns may be 
detected more readily and at greater distances in the general direction 
of the sun than in the opposite direction. 




TOXICITY OF ALUMINUM SALTS TO TOBACCO PLANTS > 

By Waltub S. Eisbnhbnobb 

Head of Department of Agronomy, MoMochueeUe AgrieuUural ^eperiment Station 

INTRODUCTION 

It has been suggested that certain diseases which affect tobacco 
when it is grown after com, timothy, or red clover may have their 
origin in the soluble aluminum salts of the soil. The prindpal diffi- 
culty in such rotations has been the development of the so-cdled 
“brown root rot” of tobacco. The present study was imdertaken to 
determine whether soluble aluminum salts have the capacity to en- 
gender this disease. 

The relatively la^ amount of aluminum in the earth’s crust 
suggests that a considerable amount of this element would be found 
in the soil solution. However, the extreme insolubility of aliuninum 
silicates prevents a rapid accumulation of aluminum in the ionic 
state. Inis means that aluminum salts of the weak acids are not 
highly soluble. Thus it may be anticipated that conditions for 
soluble aluminum would be more favorable when the hydrogen-ion 
concentration of the soil is liigh and the concentration of other salts 
usually found in soil is low. 

EFFECT OF ALUMINUM ON TOBACCO PLANTS GROWN 
IN SOLUTIONS 

Tobacco planted on September 18, 1934, and harvested on December 
6, 1934, was grown in a complete nutrient solution (Knop’s solution) 
on alternate 2 days, and during the intervening 2 days in various 
solutions of aluminum citrate. The containers were of 1-quart capa- 
city. During the entire period Knop’s solution with a trace of boric 
acid was used as the standard and m this the controls were grown. 
Five plants were grown in each solution. The quantity of aluminum 
taken up by the roots of the plants in the different solutions was as 
follows; 


Percentage proportions of 0.006 molar 
aluminum citrate, added to culture 
solutions 

Parts per 
milMio of 
aluminum 
in roots of 
tobacco 
plants 

Percentage proportions of 0.006 molar 
aluminum citrate, added to culture 
solutions 

Parts per 
million of 
aluminum 
in roots of 
tobacco 
plants 

Control-.. .. ... 

3 

50 - 

503 

01 . , 

1 

70 

1 500 

2 

6 

g5 

1 507 

6 

12 

05 

803 

15 1 

361 

08 - 

1 2,165 

30 

502 

100 

2,166 





1 Zero indicates distilled water. 


Plants grown in aluminum citrate showed definite signs of toxicity. 
The general toxic effect was more pronounced in the roots; but, as 

I Received for publication Apr. 28^ 1985; issued February l®36. Published as contribution no. 211 of the 
Massachusetts Agricultural Experiment Station. 
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compared to the controls, the tops showed a s%htly more retarded 
growth than the roots. The most marked retardmg influence of 
aluminum citrate began to be apparent in concentrations between 
0.0009 M and 0.0018 M. Among the plants in other experiments, 
including plants in the seedling stage, the decrease in ^wtn rate was 
more rapid at the aboTe-mentioned concentrations. Thus the retar- 
dation in growth rate was greater with the percentages between 15 
and 30 percent of the total concentration 0.006 M; that is, approxi- 
mately 24 to 48 parts per million of aluminum: At concentrations 
higher than this the plants showed only moderately increased effects 
of toxicity up to 162 parts per million, or 100 percent of 0.006 M. 
McLean and Gilbert^ found that alummum in aluminum citrate, in 
<]|uantitie3 from 3 to 13 parts per million, was stimulating to plant 
life, while in larger amounts it was toxic. 



Figure l.—Tobacco plants grown for alternating 2-day periods in complete nutrient solutions and in water 
containing various percentage proportions of 0.006-molar aluminum citrate solution: No. 1, control; no. 
2, 0 (distilled water); no. 3, 2; no. 4, 5; no. 5, 15; no. 6, 30; no. 7, fiO; no. 8, 70; no. 9, 85; no. 10, 95; no. 11, 
98; no. 12, 100 percent of 0.006-molar aluminum citrate solution 

The plants grown in distilled water in alternate 2-day periods and 
in a complete nutrient solution in the intervening 2-day periods, 
showed retarded growth rate as compared with the plante grown in 
a complete nutrient solution dumg all the days of experimentation. 
The plants which received aluminum in relatively small amounts, as 
0.00012 M, showed no stimulation of growth because of the presence 
of alummum. 

The plants affected by aliuninum acquired a darker foliage than 
normal plants and the tops were not as large (fig. 1). These tops 
did not appear to be diseased or abnormal like wose of plants in- 
fluenced by single ions of the alkalies, or alkali earths, but appeared 
to be suffering from a lack of nutrients. The toxicitj of the aluminum 
to the root was manifested by the retardation of growth of the primary 
root, and in cases of more definite and severe toxicity the lesion 
became so intensified that it assumed the nature of an abscission with 
tissue sloughing off and lateral roots taking the place of the primary 
one. In cases of more marked injury of root tip, when the solution 
was changed from aluminum only to complete nutrient solution, a 
white flocculent substance formed on the end of the injured root. This 
was apparently in part a phosphate or hydrosol of aluminum form^ 
from the dro p adhering to the injured root from the previous aluminum 

I MoLeak, F. T., and Gilbert, B. K. aluminum toxicity. Plant Physiol. 3: 393-302. 1928. 
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solution and in part an esmdate from the injured tissue. The alum- 
inum is apparently located in the superfiem layers of the root and 
eventually leads to reduced intake of nutrients. 

Although local brown areas were observed, there was no general 
browning of the roots as is the case when brown root rot occurs hi 
fields. In other words, there appeared to be no relation between the 
toxic effect of aluminum and the symptoms of brown root rot. 

The lethal dose of aluminum citrate for tobacco is not known. The 
plants when removed from the toxic solution and placed in a more 
favorable medium seem to have marked capacity for recovering, 
liate^ roots are thrown out above the water line of the nutrient 
solution, and only the portion in the toxic solution seems to he affected . 

It would seem that the presence of excessively large amoimts of 
aluminum in plants grown in solutions of relatively high concentra- 
tions of ^umimim citrate is due in part to imbibition only to areas 
characterized as superficial layers of tissue. 

It is apparent from the work of previous investigators, and from 
the present investigation . that aluminum occurs in greater abundance in 
the roots than in the tops. With this in mind an analysis was made 
of aluminum in the roots of tobacco plants grown at the different 
aluminum concentrations shown on page 519. The method used was 
that of Winter, Thrun, and Bird,* according to which the colors 
developed in the presence of aurintricarboxjmc acid are compared. 
It was found that much aluminum was taken up by the plants growing 
at high concentrations of aluminum (fig. 1). The high values of 
aluminum in the plants began when they were grown at 15 percent 
of the 0.006 molar concentration, and this is the percentage at which 
the growth curve begins to fall perceptibly. At lower concentrations 
there wm no great toxicity. At ^-percent concentration there was 
present in the solution an approximate total of 24 parts per million 
of aluminum. At the extreme high concentration there w^ a large 
intake of aluminum without a subsequent pronounced lowering of the 
growth curve. The tops of the plants contained less alummum than 
the roots, but the amounts did not seem to be in proportion to the 
quantity added to the solution. The small amount of aluminum 
found in the plants grown in distilled water and in the controls may 
probably be accounted for by the fact that these plants had gro^ in 
soil before they were transplanted, and had taken up aluminum 
from the soil at a very early stage of growth. 

EFFECT OF CALCIUM IN CORRECTING THE TOXICITY OF 
ALUMINUM TO TOBACCO PLANTS GROWN IN SOLUTIONS 

It has been assumed that ionic calcium has the capacity to counter- 
act the tmfavorable effects induced by an imbalanced proportion of 
other ions. To determine the validity of this assumption a series of 
tests was made. Calcium nitrate and aluminum citrate were used in 
varying proportions in a complete nutrient solution. Aluminum 
citrate does not readily precipitate over a wide ranro of hydrogen-ion 
concentrations. There were eight sets of molecular proportions of 
the two salts calcium nitrate and aluminum citrate as shown in table 1 , 
which gives the percentage proportions of 0.006 M of each salt. 


, >WmnB, 0. B., TBBim, W. B., uid Bibo, O. D. tax smBimtAnoN or Aitniuiuic in ruNts. 
I, A Bioor or tax vsx or AUBnraaioABBoxruo aoo rOB thb ooiobikbtbic dbtbbminaiion or Mmaamt, 
Jem. Am». Obsin. Soo. 51: iUiis. 1«1». 
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The test plants were grown in solutions which were like those of 
the controls except that they contained varying amounts of al uminum 
and calcium, and four times as much potassium nitrate. Thus, 0 to 
lOQ percent of aluminum citrate and an inverse percentage proportion 
of calcium nitrate. The plants used as controls were grown in 
Knop’s solution without modification. The solutions were changed 
twice a week. The age of plants when harvested was 2% months. 
Five plants were used for each concentration. 

In those solutions containing the maximum percentage proportions 
of aluminum citrate the reaction was approximately equivalent to 
a pH of 4, while those with minimum amounts of the salt had a pH 
equivalent to about 5.9. 



Figure 2.~Tobacco plants grown in medium in which only calcium nitrate and aluminum citrate were 
varied, the other nutrients being kept constant. The following numbers express the relative percentage 
proportions of 0.006 molar calcium nitrate and of 0.006 molar aluminum citrate used : l , (control; 2, 100 per- 
cent calcium nitrate +0r)ercent aluminum citrate; 3, 95 percent calcium nitrate+5 fjercent aluminum 
citrate; 4, 86 percent calcium nitrate+15 percent aluminum citrate; 5, 50 percent calcium nitrate+50 
percent aluminum citrate; 6, 25 percent calcium nltrate+75 percent aluminum citrate; 7, 15 percent 
calcium nitrate+85 percent aluminum citrate; 8, 5 percent calcium nitrate+95 percent aluminum citrate; 
9, 0 percent calcium nitrate+100 iiercent aluminum citrate. 

The plants receiving no calcium were stunted, as indicated by their 
roots and tops. Where a small amoimt of calcium was added (0.0003 
M Ca(N08)2), the tops were approximately 3 times as tall as those 
of plants in solutions containing no calciiun, and the dry weight of 
these plants was 9 times that of those in the calcium-free solution. 

The most perceptible effect of low calcium on the tops was the 
retarded development of the primordial meristem. The leaves at 
the apex of the plant seemed to unfold with diflSculty. The color 
was darker than that of normally growing plants, indicating that 
the roots were not permitti^ the mtake of the small amount of 
calcium that was present. The roots of the plants that grew in 
the highest amount of aluminum had abscissions at their ends, and 
to these ends a flocculent precipitate adhered. It would seem that 
the aluminum was taken in and precipitated and then the degenera- 
tion of tissue took place (table 1 and fig. 2). 

It is apparent that plants grown in soil or water solutions do take 
up an appreciable amount of muminum. Where aluminum is present 
even in moderate quantities, the plants, especially the roots, contain 
far more proportionately than is present in a soluble state in the 
soil. 
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Tablb 1. — Growth of tobacco platUs as affected by various molar proportions of 
aluminum citrate ana calcium nitrate 


Percentage propor- 
tions of 0.006 mo- 
lar aluminum cit- 
rate and calcium 
nitrate used 

Averan height and 
weignt of tobacco 
plants expressed 
as percentages of 
the growth in 
standard solu- 
tion 

Alumi- 

num 

citrate 

Calcium 

nitrate 

Height 

Weight 

100 

0 

23 

6 

96 

5 

58 

34 

H6 

15 

75 

59 

75 

25 

76 

63 


Percentage proper* 
tions of 0.006 mo- 
lar aluminum cit- 
rate and calcium 
nitrate used 

Average height and 
weignt of tobacco 
plants expressed 
as percentages of 
the growth in 
standard solu- 
tion 

Alumi- 

num 

citrate 

Calcium 

nitrate 

Height 

Weight 

50 

50 

86 

74 

15 

85 

95 

101 

5 

95 

100 

105 

0 

100 

90 

90 


Unless other factors obtain, such as the presence of an excessive 
amount of organic matter or phosphates, a large amount of aluminum 
occurs with a hi^ concentration of hydrogen ions. It is not clear 
whether this is the result of hvdroloysis of aluminum compounds, or 
whether a reaction is initiatea by the action of hydrogen ions upon 
the otherwise rather insoluble aluminum compounds. Energy factors 
bringing about equilibrium of reaction need to be considered. 

AMOUNT OF SOLUBLE ALUMINUM IN SOILS IN WHICH TOBACCO, 
CORN, TIMOTHY, AND CLOVER HAD BEEN GROWN 

The aspect of brown root rot of tobacco in soils which are subject 
to rotation is well recognized in the Connecticut Valley. It is not 
uncommon to find the disease when tobacco is planted after timothy, 
clover, or com, but not on land where tobacco has grown for several 
years in succession. 

Although there is not, to the writer, a rational basis for supposing 
that different crops increase the amount of available aluminum in 
the sou, analyses were made of soils of the same type which had 
grown tobacco, timothy, com, or clover during the past year. There 
seemed to be a slight variation in the quantity of soluble aluminum 
present (table 2), but then was no appannt relationship between 
the amount of aluminum found in the soils and the occurrence of 
the root disease. 


Tablb 2. — Parts per million of aluminum in and pH of soils of the same type 
upon which various crops were grown during the same year 


Crop grown 

Alumi- 
num of 
soil, 
soluble 
in 

water 

Alumi- 
num of 
soil, 
soluble 
ini 

percent 

citric 

acid 

pH value 
of soil 

Crop grown 

Alumi- 
num of 
soil, 
soluble 
in 

water 

Alumi- 
num of 
soil, 
soluble 
Ini 

percent 

citric 

acid 

pH value 
of soil 

Corn 

0 

0.2 

4.5 

5.05 

Timothy 

0.8 

4.0 

6.95 

Tobacco 

4.0 

5.60 

1 

Clover 

.2 

.3 

5.43 



1 
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EFFECT OF ALUMINUM ON TOBACCO GEOWN IN POTS IN 
THE GREENHOUSE 

The analysis of the soil for aluminum after 2K months of crop 
^wth indicated that nearly all of the aluminum had been converted 
&om a soluble to an insoluble form in the soil (table 3).' The water 
extract of the soil given ori^ally 100 parts per million of aluminum 
contained at the time of analysis slightly more than 1 part per million. 
Phosphate added to this combination formed Insoluble aluminum 
compoimds that retarded the formation of ionic alum in um. 

A sample of soil in a pot of 1-gallon capacity which had grown 
tobacco affected by brown root rot was analyzed for aluminum. The 
pH value of the sou was 5.51 . The soil was extracted with a l-percent 
acid solution and was found to contain 0.9 part permillion of aluminum . 

As a result of these analyses the writer finds no relation between the 
aluminum content of soil solution and the occurrence of brown root 
rot of tobacco. Tobacco plants grown on the soil to which aluminum 
sulphate had been added to the extent of 100 parts per million of 
aluminum showed no deleterious effects. In fact, in some respects 
the growth was more luxuriant than that of the control plants grown 
in soil to which no aluminum was added. 


Table 3. — Parts per million of aluminum in and pH of soils treated with aluminum 
sulphate and with phosphate, and analyzed after months of crop growth 




Aluminum ! 


Soil 

no. 

Treatment 

in soil, 
soluble in 

pH value 
of soil 



water 


1 

Aluminum sulphate equivalent to 100 p. p. m. of aluminum 

1.5 

4. 40 

2 

Aluminum sulphate equivalent to 50 p. p. m, of aluminum 

3 

4.5C 

3 

Aluminum sulphate equivalent to 26 p, p. m. of aluminum.. 

.2 1 

4 86 

4 

Aluminum sulphate equivalent to 100 p. p. m. of aluminum, and 2.9 g ; 

1 

1 


CaHsPOi per 8 pounds of soil 

.3 

4 65 

5 

Aluminum sulphate equivalent to 50 p. p. m. of aluminum, and 1.45 g 
CaH 3 P 04 per 8 pounds of soil 

.1 1 

5 00 

6 

Aluminum sulphate equivalent to 25 p. p. m. of aluminum, and 0.73 g 

GaHjPOi per 8 pounds of soil 

Nothing added 

.2 

5.05 

7 

•2 

5. 05 


SUMMARY 

Tobacco plants were grown alternately 2 days in a complete nutri- 
ent solution and 2 days in solutions containing different percentage 
proportions of 0.006 M aluminum citrate. Definite toxic symptoms 
were observed at low concentrations of aluminum. No perceptible 
increase in rate of growth was observed at low concentrations of 
aluminum salt. 

The presence of phosphates lowers the amounts of ionic aluminum 
in soil. 

No results were obtained that justify the assumption that certain 
crops give rise to active aluminum when the same soil type is used for 
them culture. 

Tobacco plants were ^wn in complete nutrient solutions in which 
the proportions of calcium nitrate and aluminum citrate were 
varied. The results indicate that the calcium ion may fimction to 
some extent to reduce the toxic effects of aluminum. In this group 
of plants low concentrations of aluminum seemed to increase the 
growth rate slightly. 



DISTRIBUTION AND EFFECT OF PETROLEUM OILS AND 
KEROSENES IN POTATO, CUCUMBER, TURNIP, BARLEY, 
AND ONION ‘ 

By pATJii A. Young* 

Assistant botanist and bacteriologist, Montana Agricultural Experiment Station . 

INTRODUCTION 

Petroleum-oil sprays and fogs are used increasingly to control 
insect pests of economic plants. These oik are useful m controlling 
the aphid vectors of ^tato virus, but it is first nece^ary to learn 
which oils are tolerated by potato leaves. Hence, undiluted oik and 
cresoap emulsions of petroleum oik were tested on potato leaves to 
detennine: (1) The rates of oil penetration into leaves; (2) the symp- 
toms caused by the oils; (3) the oils and their concentrations that 
potato leaves tolerate without necrosk; and (4) a rapid, easy, accurate 
method for predicting the probable injury that an oil spray will 
cause in potato leaves. The purpose of these and other experiments 
was to discover the dktribution and effect of petroleum oils in spedes 
of herbaceous plapts treated with sprays or undUuted lubricating 
oils or kerosenes. 

REVIEW OF LITERATURE 


Besides oil-spray emulsions, there is increasing use of oils di^ersed 
as fogs in air for controlling insects on fruit and v^etables (Bferbert 
4, 6) and Parker (7, S)).® Fungicides, and insecticides other than 
lead and arsenic, are used with the oils, and this avoids costly troubles 
with spray residues. Ginsburg 4) described the effects of oils on 
greenhouse plants, and cited the work of Allen on the use of oils to 
control potato leaf hoppers. Rohrbaugh (9), illustrated oil pene- 
tration m citrus. Knignt and Cleveland (6) gave evidence that 
surface tension and vkcosity determine the rate of oil penetration. 
Chandler, Flint, and Huber (1) reported safe use of 1 percent oil 
sprays on potato leaves. Young (10, 11) mentioned symptoms of 
oil injury in potato leaves, and the effects of oils on potato yiel^; 
(12) described the use of Rhizopm growing in oik to test the toxicity 
of oik; (IS) illustrated freezing phenomena in emulsions of spray 
oils; (14) described penetration, mstribution, and effects of oik in 
apple leaves; and (16) ex^ained theoretically how oil penetrates 
protoplasm. Young * described physical phenomena of emukification 
and (16) ako the conduction of decane from onion leaves to the roots. 
Young and Morris (17) tested an apple, 22 of the 36 oils described in 
the present paper. 


1 Received for publication Apr. 30, 193.1; issued February 1936. Contribution flrom Montana State Col- 
lege, Agricultural Experiment Station. Paper 62, Journal Series. . ^ 

s The writer wishes to thank Profs. H. E. Morris and I>. B. Swingle of the botany department of Montana 
State College, for criticizing this manuscript. 

^ Reference is made by number (italic) to Literature Cited, p. 933. 

< Young, P. a. microscopical observations on forming and breaking cresoap emulsions of 
PETROLEUM OILS. Abstract of Papers, Amer. Soc. Plant Physiol., Pittsburgh, Pa., p. 17., December 
1934. [Mimeographed.] (Illustrated article in press.) 
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MATERIALS AND METHODS 

The 36 kinds of petroleum oils and kerosenes desmbed in table 1 
ran^d in viscositv from 31 to 410 seconds, and had sulphonatable 
residues ranging from 0 to 53 percent. These oils were tested on 
vegetables from 1928 to 1933, inclusive. 

Tablb 1 . — Sulphonatable reeidms oft and injuries to potato leaves by, the oils used 


Oil 

or 

kero- 

sene 

DO. 

Neme of oil or kerosene ^ 

Injury 
fector * 

Sulpho- 
natable 
residue < 

Viscosity 

Plants < 

1 

St. 18604 R.100P 

3.4 

Percent 

26 

Seconde 

100 

Number 

4 

2 

St. 18806 R.CRB 

3.3 

44 

220 

4 

8 

St. 0. T, 18606 R 

1.5 

5 

100 

16 

4 

St. M. B. 13607 R 

1.8 

10 

50 

12 

6 

St. 6, 14610 B 

St. Diamond paraffin 

St. Atlantic Red 

3.6 

41.6 

no 

4 

6 

3.2 

High 

99 

4 

7 

3.4 

High 

244 

4 

8 

St. 410 red engine 

3.8 

53 

410 

5 

11 

St. gM oil 

Shell Brown neutral 

3.9 

40 

38 

9 

12 

3.4 

27 

115 

9 

13 

Shell RL99, 70P 

3.7 

31.2 

76 

12 

14 

SheU 1 

3.9 

28.5 

63 

4 

15 

Shell 2 

3.4 

26.4 

58 

5 

16 

Shell 3 

2.4 

10 

55 

15 

17 

Shell 4 

3.4 

28.3 

108 

3 

18 

Sbell 6 

2.4 

'0.8 

108 

4 

10 

Shell 6 

3.7 

34 

219 

4 

20 

Shell 106 1 

1.2 

2 

90 

5 

21 

Shell 106 (SOs) 

3.2 

15.6 

53 

3 

22 

Shell 107 

1.2 

2 

51 

10 

24 

N. Amalie 10680P 

1 

0 

67 

29 

25 

St. 6, 14819R 

3.0 

10 

73 

3 

27 

SheU 108 

3.2 

20 

60 

3 

28 

SheU 7, 14776R 

Stanco Nujol 

3.8 

43 

100 

8 

31 

1.2 

0 

220 

6 

33 

Shell E512 (SOi) 

2 9 

12.8 

52 

5 

34 

SheU E513 

2.7 

13.3 

51 

5 

36 

SheU E514 (SOi) 

3.2 

13.7 

74 

5 

36 

SheU E616 

2.6 

14 

76 

5 

37 

SheU E616 

1.7 

2.3 

55 

5 

41 

St. kerosene 20877 

1.7 

4 

31 

8 

42 

St. kerosene 20878 

3.7 

19 

31 

8 

43 

St. kerosene 20870 

3.8 

22 

31 

8 

44 

SheU kerosene 

2.5 

1 

31 

0 

45 

-dft _ 

2.4 

4. 1 

31 

9 

46 

do, 

3 7 

16 

31 

9 




1 Company name and number of oils and kerosenes. Symbols signify: L. Sonneboru Sons, Inc., New 
York; Stanco. Stanco, Inc.; St., Standard Oil Co. (Calif.); Shell, Sbell Oil Co. 

> I* Necrosis only in heavily oiled spots within 11 days. 2«Neoro6i8 of heavily oiled spots in 1 day and of 
many lightly oiled spots in 11 days. Sx’Necrosis and wilting of heavily oiled spots within 1.6 to 7 hours. 

’ Percentage of sulphonatable residue in each oil as determined by the oil companies, except oils 6, 13, 
16, 16, and 21 by Green (6). 

4 Npmber of potato plants on the leaves of which suthcient oil was placed to make 20 to 60 percent of the 
laminae translucent. 

The effect of oil on the yield of potatoes was tested by spraying 
cresoap emulsions of oil 4 on potato leaves in a held (table 2). The 
leaves were drenched with the oils on July 9 and 24, 1931. The 
potatoes were grown in alternating units of 6 spraved and 6 unsprayed 
bilk. Only one seed piece was {Man ted in each hill. The hills were 
20 inches apart in rows 36 inches apart, so there were 8,712 hiUs per 
acre. Each ^eld was calculated in bushels per acre by multiplying 
the total yield in pounds bv the constant, 145.2, and dividing this 
product by the number of plants producing the total yield. 
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The oils were emulsified in water with ammonia-casein and cresoap 
emuldfiers as d^iibed by Young and Morris (17). The cresoap 
was made by boiling the cresols and soaps together during 3 days. 

Oils 3, 4, 13, 21, 22, 24, 36, and 37 in concentrations of 1, 2, 4, 8, 
and 16 percent emulsified with cresoap or ammonia-casein, were 
sprayed on leaves of potatoes growing in an experimental plot. The 
oils described in table 1 were placed in undiluted form on the leaves 
of Triumph, Busset Burbank, Irish Cobbler, and Idaho Rural pota- 
toes in a greenhouse and an experimental plot. 

Oil 3 was placed on the cotyledons of squash and cucumber eeed- 
lings, and oil 24 on the leaves of rutabaga and turnip. Seedlings of 
barley treated with oils 3, 13, 21, and 24, were supplied by Green (S). 

Onions also were used in studying oil distnbution. Bulbs of 
Yellow Danvers, Bermuda Yellow, and Spanish Yellow onions were 
set with their bases in water until they produced new roots and leaves. 
The leaves, bulbs, and roots were treated with oils 3 and 24. Normal 
onions were studied for comparison. Oil 24 was injected hypoder- 
mically into hollow leaves of onions growing in root-study boxes. 

Free-hand sections of fresh, livii^ tissues mounted in distilled water 
were studied microscopically to determine the distribution and con- 
ducting channels of ous in plants. Some samples of oils 3, 13, 16, 
and 24 had nearly 0.2 percent oil Red 0 dissolved in them to make 
the oils easily visible in tissues. Sections containing unstained oils 
were stained with Sudan IV ( 14 ). 


EXPERIMENTAL DATA 

EFFECTS OF OIL ON POTATO YIELDS 

The potatoes sprayed with a Mineral Seal oil 4 in a concentration 
of 1 percent yielded slightly more than the unsprayed potetoes 
growing in alternate units (table 2). In contrast, the emulsion of 
2-percent oil reduced the yield of the potatoes 9.3 percent (table 2). 
This decrease in yield probably is not very significant when it is 
compared with the increase of 4.6 percent in the yield of the potatoes 
sprayed with the emulsion of 1-percent oil, while growing in the same 
plot. Hence a spray of 1 percent of oil 4 probably has commercial 
value because it is expected to control aphids without decreasing the 
yield of the potatoes. A spray with 2 percent of oil 4 is not recom- 
mended because it may cause some injury to potato leaves. 


Table 2. — Effects of sprays uiith cresoap emulsions of oil 4 on yields of Bliss 
Triumph, potatoes at Bozeman, Mont., 19S1 





Increase 
(+) or re- 
duction (-) 
In yield as 
affected 
by spray 


i;percent oil emulsion 

unsprayed 

Jperoent oil emuteion 
unsprayed 
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OIL PEMGTIUTION INTO POTATO LEAFLETS 

Hypophyllous applications of the oik to nonnal Bliss Trianq^ 
potato leaves at 20° to 25° C. revealed the following rates of penetra- 
tion causing immediate translucence: 0.5 to 10 seconds for me kero- 
senes with viscosities near 31 seconds; 1 to 30 seconds for the oils 
with viscosities of 50 to 108 seconds; 60 seconds for the oils with 
viscosities near 220 seconds; and nearly 5 minutes for oil 8 with a 
viscosity of 410 seconds. The red-stamed oils made potato leaves 
and their stems red during 1 or more weeks. Emulsions containing 
oils in concentrations of 4, 8; and 16 percent also made oily translucent 
spots in potato leaves. Similar reactions were observed when oil 
penetrated the leaves of turnip, rutabaga, onion, and barley, and the 
cotyledons of cucumber and squash. 

The oily spots in potato and apple leaves were similar in their 
refraction and reflection of light (14)- Potato leaves showing oily 
spots were stored in the herbarium, where many of the spots retained 
their oily appearance in the dried leaves during 1 or more years, thus 
resembling apple leaves in their retention of oil. 

DISTRIBUTION OF OILS IN POTATO, CUCUMBER, TURNIP, BARLEY, AND ONION 

Oils 3 and 24, with and without Oil Red O stain, were placed on the 
leaves of potato, turnip, rutabaga, and barley, and on the cotyledons 
of cucumber and squash seedlings. They were also' injected hypo- 
dermically into the hollow leaves of onions. The stems attached to 
the oiled leaves usually became oily 1 to 5 days after the leaves or 
cotyledons were oiled. The red-stained oils made the tissues red. 
Sections of such plants were cut to determine the distribution of the 
oils. The stained and unstained oils were similar in their distribution 
and effect. Examples of sections showing typical distribution of 
oils are given in table 3. The oils were abundant between paren- 
chyma cells (pi. 1). Less oil was seen in tracheae and parenchyma 
cells, so the oil evidently passed mostly between parenchyma cells 
in being carried from the leaves into the stems and roots of these 
herbaceous plants. The pneumatic and hydrostatic system of the 
plant is concerned with the conduction of oil. Oil penetration into 
parenchyma cells was explained by Young (15). 

Red-stained oil 24 passed from Irish Cobbler potato leaves into the 
new tubers in the sc^, making prominent red repons within 1 cm from 
the point of attachment of the stolons. By forcing a wire through 
the pith, vertical holes 0.3 cm in diameter and 12 cm deep were made 
in 4 large stems of a Russet Burbank potato plant, and 1 cc of oU 24 
saturated with oil Red O was placed in each hole. The oil was found 
in 3 of the 9 attached tubers, 8 days later. The petroleum oil in 
potato tubers was mainly between the starch-parenchyma cells. 

Stems were placed in emulsions to study absorption of oils from 
emulsions, and to determine the toxicity of emulsion cream. Ex- 
cised potato stems bearing leaves were stood in jars containing cresoap 
emulsions of 1 and 4 percent oil 24 with oil Red O. Parts 1 to 2 cm 
long wilted where these stems passed through the cream layers 1 mm 
thiw. In contrast, the leaves and the parts of the stems above and 
below the cream layers remained alive for a few days. Flowering 
peduncles of Oxalis cemua Thimb. were stood in cresoap emulsions 
of 1 , 2, 4i| and 8 percent concentrations of oils 16 and 24 (with and with- 
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PLATE 1 



A, Cross section of the seedine stem of a White Spine cucumber showing the globules of oil (photonaphed 
blwk) above the intei^olar spaces of the parenchyma cells. The oil had exuded from the polyhecra 
tubes between the parenchsrma cells. Oil 3 stained with Sudan III was placed on the loww sides of the 
cotyledons of this cucumber on December 3, 1929. The attached stem was frozen in ice imd cut 13 days 
later. X 160. B, Like A, but an oblique section of this cucumber stem showing the polyhedral, inter- 
parenchyma tubes bearing globules of oil 3 that exuded from them when they were cut. X 633, 
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out oil Bed O). The parts of the oxalis peduncles passing through the 
cream layers wilted within 1 to 2 days, while the flowers and the parts 
of the peduncles below and above the cream layers remained apparent- 
ly normal during a few days. In contrast, oxalis peduncles stan<flng 
in water alone, and in water bearing a layer of oil 3 with oil Bed ,0, 
showed no wilting for several days. Onion leaves were stood in jars 
containing cresoap emulsions of 1 and 2 percent oil 24 with oil Bea O. 
The parts of the leaves near the cream layers wilted within 9 to 24 
hours, while above the cream layers, the parts of the leaves remained 
turgid. 

Table 3. — Distribution of oils in tissues after oils were placed on the leaves of potato, 
turnip, rutabaga, onion, and barley, and on the cotyledons of cucumber and 
squash 






1 Location of oil > 
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Oil no. 
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-f 

+ 
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4 
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1 13 
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5 
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‘ +*oil present; 0»oll absent. 


Oil 24 was only slightly toxic while cresoap was very toxic (Young 
and Morris, 16), Stems wilted where they passed throujgh layers of 
emulsion cream, which is evidence that abundant cresoap in the cream 
penetrated the stems. Although wilting occurred in the parts of 
stems touching cream, the tracheae in the wilted parts continued to 
conduct water, so the tops of the stems remained alive and turgid for 
a few days. 

Oil 3 saturated with Sudan III was placed on the cotyledons of seed- 
ling cucumbers {Cucumis satims L.) variety WWte Spine, and seed- 
ling squashes (Cucurbita maxifna Duch.). The oil made the cucumber 
and squash cotyledons red and oUy translucent within 10 seconds. 
The attached stems also became rea and oily translucent within 1 to 
14 days. Sections of these stems showed the oil mainly between the 
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corti(^ paxenchyma cells (pi. 1 ; table 3 ) . These sectioas ooutaining oil 
prominently showed the concave-sided polyhedral tubes between the 
cortical parench 3 rma cells. 

Sections of cucumber and squash stems not attached to oiled cotyle- 
dons showed air bubbles in the polyhedral spaces between the paren- 
chyma cells. No oil was seen in these stems. 

Oil 24 with oU Red O made leaves of turnip (Brasma rapa L.) and 
rutabaga (Braasica napohrassica Mill.) red and oily translucent. The 
attached petioles and stems also became red and oily within 1 to 8 
days. The attached fleshy turnip and rutabaga taproots were sliced 
8 days after the leaves were oiled. Large parts of the tissues were 
red because of the red oil in them, in contrast to the nonoily parts of the 
same roots (pi. 2, .d.). Microscopic study of thin sections of stems and 
roots revealed the oil between the parenchyma cells (table 3). 

Leaves of barley seedlings {Uordeum mtlgare L.) turned red and oily 
translucent within a few seconds after the red-stained oils 3, 13, and 
24 were placed on the leaves. The attached stems and roots also 
turned red within 4 days. Sections of these stems and roots showed 
oil between and inside the cells (table 2). Oil was seen between 
coUenchyma cells in a stem. Oil 21 was placed on seedling leaves of 
barley, ^ctions of the oiled leaves were cut 5 days later and were 
stained with Sudan IV. The oil was abundant between the chloren- 
chyma cells, and in the tracheae of a large vein. 

Five bulbs of onion {Allium cepa L.) were set in root-study boxes. 
When the new leaves were 5 to 25 cm long, 1 to 4 cc of red-stained oil 
24 were injected hypodermically into the tip of each of 1 to 4 hollow 
leaves of each bulb. During 3 to 9 days, these hollow leaves were oil 
reservoirs that exhibited the columns of oil by transmitted light. 
Thirty to ninety percent of the attached roots turned red within 2 to 
10 days after the oil was injected into the leaves. Sections of the roots 
and bulbs showed the oil in their tissues (table 3 pi. 2, B and 3). 

Oil 24 saturated with indophenol blue was injected into the hollow 
leaves of four other onion bulbs. The attached roots did not change 
color so some of them were sectioned and stained with Sudan IV, which 
revealed the oil in and between the cortical parenchyma cells. Indo- 
phenol blue greatly mcreased the toxicity of oil 24 in contrast to oil 
Red O that apparently did not increase the toxicity of this oil. 

The roots of three onion bulbs were placed in jars of water bearing 
layers of oil 24 with oil Red O. The oil entered many of these roots 
and was distributed in the attached leaves and bulbs. Two onions 
were set so that the bulbs were 6 cm above the water into which their 
roots projected. Oil 24 with oil Red 0 was placed on the aerial parts 
of their roots. The oil entered many of these roots and was conducted 
into the bulbs. 

Entrance of oil through wounds was studied by excising the roots 
on onion bulbs and setting the bulbs in shallow layers of oils 3 or 24 
with oil Red O. The bulbs, became red within 20 hours. Sections 
showed oil in the tracheae of a flattened bulb-stem, because oil 
entered through the cut base of this stem. Also, excised onion leaves 
remained alive and tuigid during 1 to 3 days while they stood with 
their cut ends in oil 24 with oil Red O. Much oil entered these 
leaves. No oil was seen in any of the check onions studied for com- 
parison with the onions treated with oils. 
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Plate 2 




oA root 8 days after this 

placed on the attached leaves; much of the oil had paseed from the leaves Into the fleshy root. 
4 / 911 c stained with oil Bed 0 (photographed blaok) oooupying the vertical interparenchyma 
K-rr* ™ ?ell<l part of a second-year onion stem inside the bulb. This cross section was cut after the 

case^of the bulb and the upper parts of the roots had touched the oil during 11 days. X 



Oil 24 stained with oil Red O (photographed blaok) in the central trachea of a root of a Sweet Spanish onion 
The oil in this root came from one attached hollow leaf into which 3.5 ccof oil were injected hypodermic- 
ally 20 days previously; 13 of the roots became red within 2 days. X 306. 
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The roots of six onion bulbs were arranged so that half of the roots 
on each bulb projected into water alone, while the other roots projected 
into test tubes of water bearing layers 1 cm thick of oils 3 or 24 with 
oil Red O. The oil entered the roots Xhat had woun^ in their parts 
in the oil layers. Branch roots naturally make wounds as they 
rupture their way through the cortex. The sides of the bulbs turned 
red above' the oUed roots. Also some of the other roots turned red 
within 3 d^s, although they projected into water alone. Sections 
cut 2 days later showed oil in the tracheae and parenchyma cells of 
these roots. A small aerial leaf on one bulb turned red. Sections of 
it showed oil between, the chlorenchyma cells. Thus, oil was con- 
ducted from the roots into this leaf. Sections of the red parts of tWe 
bulbs showed oil between the parenchyma cells of the fleshy bulb 
scales (bases of first-year leaves). Also the cylindrical ste ms in the 
bulbs (bases of the second-year leaves) showed abundant oil between 
the parenchyma cells, especially inside the vertical interparenchyma 
gas pockets (pi. 2, B). 

Oil 24 with oil Red O facilitated determination of the nature and 
function of the large interparenchyma pockets (pi. 2, B). These 
apparently vertical pockets were surrounded by specialized paren- 
chyma cells. The interparenchyma pockets abounded in the leaves 
and in the cylindrical stems inside and above the bulbs. Sections 
showed that these pockets naturally contained gas, but were filled 
with oil in many of the onions treated with oils. These pockets were 
not seen in very small leaves and their stems inside onion bulbs, but 
developed as the leaves and stems matured. None of these gas 
pockets was seen in the fleshy bulb scales, nor in the flattened bulb 
stems. These flattened bulb stems showed parenchyma cells with 
ramifying tracheae that usually did not contain petroleum oil. The 
interparenchyma gas pockets that were centrally situated in matur- 
ing onion leaves showed ruptured walls. Evidently many of the 
pockets united to form the hollow centers of the maturing leaves. 
These interparenchyma pockets are part of the hollow mechanical 
structure of onion leaves. 

SYMPTOMS CAUSED BY LUBRICATING OILS AND KEROSENES IN POTATO LEAFLETS 

Undiluted lubricating oils placed on potato leaflets often caused 
wilting preceding necrosis in oily translucent leaflets. Some of the 
oil^ juvenile leaflets rolled upward. They were more susceptible to 
oil injury than were mature leaflets. Sprays of lubricating petroleum 
oils in concentrations of 4, 8, 16, and 100 percent commonly caused 
black and brown spots in potato leaflets. Oils often accumulated oyer 
epiphyllous veins and blackened them. Laige amounts of toxic oils 
kiUed the leaves and stems. Sprays with emulsions contaimne 2 per- 
cent of toxic oils often caused brown spots 1 to 10 mm wide in leaflete. 

CHI 21 caused purpling in some leaflets. Probably the other oils 
^cked sufficient concentration of the chemicals that caused purpling 
in potato leaflets. 

Epiphyllous white and light-gray spots appeared in many potato 
leaflets treated with 4-, 8-, and 100-percent concentrations of oils 
4, 7, 13, 21, 27, 42, 43, and 45. Most of th^e white spots were 
hypophyllously ^en, brown, or dark gray. Epiphyllous white spots 
served as a usefiil symptom in distinguishing these oils. Probably 
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onfy these oils contained the casual chemicals in concentrations 
sufficient to cause white leaf spots. Oils 13 and 21 caused white spots 
abundantly and r^ularly, so that prominent production of this 
symptom ^tinguished oils too toxic for use in sprays on potato leaves. 

The translucence caused by kerosenes usually disappeared within 
1 to 24 hours, as the kerosenes evaporated from the intercellular 
spaces. The kerosenes caused chlorosis, brown spottii^, mar^al 
rolling, and blackening and drying of the rolled parts. The petioles 
died on many of the badly injured leaves. 

Oils 41, 44, and 45 caused no injuries or only nuld injuries in potato 
leaves, while oils 42, 43, and 46 caused wilting within 2 hours in heavily 
oiled leaflets, and killed many of the petioles (table 1). 

INJURIES CAUSED BY PETROLEUM OILS IN POTATO LEAVES 

In table Ij the physical suffocating effect of the oils presumably 
caused injuries represented by the injury factor 1, as oil 24 did, 
whereas additional injuries represented by larger injury factors such 
as 1.2 to 3.9 presumably include the chemical effects of toxic com- 
pounds in the oUs, according to a critical definition of toxicity ( 14 )- 
Oils 14, 15, 44, and 46 were more injurious than their percentages of 
sulphonatable residues indicated, probably because some of the sul- 
phonatable chemicals were especially toxic to potato leaves. Usually, 
the kerosenes and lubricating oils with low percentages of sulphona- 
table residues caused only slight injuries, even when they made the 
laminae translucent. In contrast, the more sulphonatable oils 
caused serious necrotic symptoms even when they were applied in 
concentrations of only 2 percent. 

Practical conclusions are drawn from table 1. The toxic effects of 
oils in potato leaves were tested accurately, easily, and quickly by 
placing drops of each undiluted oil on normal potato leaves at tempera- 
tures below 35° C., and before the leaves show senescence.. .The 
rapidity, severitjr, and abundance with which the ^mptoms appeared 
showea the toxicity of each oil to potato leaves. The oils that caused 
amounts of injury approximately indicated by the injury factor 3 
presumably are too injurious for sprays on potato leaves. The oils 
that caused amounts of injuries indicated by the injury factor 2 
probably are too toxic to use in emulsions contaii^g more than 1 
percent of oil. The oils that caused amounts of injury indicated by 
the injury factor 1 are preferable for sprays in concentrations of 1 
and 2 percent of oil on potato leaves. 

SUMMARY 

Cresoap emulsion of 1-percent oil 4 did not reduce the yield of 
potatoes, while an emulsion of 2-percent oil caused a 9.3 percent reduc- 
tion in the yield. 

Lubricatmg oils caused the following symptoms in potato leaflets: 
Translucence, wilting, rolling, chlorosis, olackening and browning of 
veins, and spots of laminae; also purpling and white leaf spots, (^y 
the very toxic oils caused severe mjuries including purpling and white 
'leaf spots. 

Kerosenes caused the following symptoms in potato leaves: T^- 
porary translucence, chlorosis, brown leaf spots, marginal rolling with 
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blackeniDg of the rolled parts, and kilLing of petioles. Only the very 
toxic kerosenes caused the severe symptoms. 

‘ A convenient method of testing the toxicity of oils and kerosenes 
before they are sprayed on potato leaves is to place drops of each od, 
and drops of unsuTphonatable oil, on healthy potato leaves, and 
observe the comparative symptoms. Oils that cause more than a'^ew 
necrotic symptoms within the first few days probably are too toxic for 
commercial sprays on potato leaves. 

The oils and kerosenes with low percentages of sulphonatable 
residues usually caused only slight injunes even when the laminae had 
been oily-translucent. The slightly toxic oils may be used safely in 
sprays of 1 percent oil on potato leaves. 

Kerosenes penetrated potato leaves within 0.5 to 10 seconds, but 
mostly evaporated from the leaves within 1 to 24 hours. In contrast, 
lubricating oils penetrated potato leaves within 1 second to 5 minutes, 
and usually remained in the leaves during the remainder of the growing 
season. Sections showed that the oils passed from potato leaves 
through the stems and into the tubers. 

Emulsion cream caused wilting in stems of potato and oxalis, but 
did not quickly stop the conduction of water through the wilted parts 
of the stems. 

Ked-stained oils placed on cucumber and squash cotyledons quickly 
passed into the stems and made them red. Sections showed the oil 
mainly betvreen the cells. 

The red-stained oils placed on turnip and rutabaga leaves passed 
into the fleshy tap roots and made large parts of them red. When 
red-stained oils were placed on barlw leaves, they passed through 
the stems and made the roots red. The oil Red O stain apparently 
did not affect the toxicity of either oil 3 or 24. 

Red-stained oils injected into onion leaves passed through the bulbs 
and made many of the roots red. Sections showed the oil in the 
tracheae and between the cortical parenchyma cells. Oils also passed 
from roots into attached bulbs and leaves. Leaf and stem sections 
showed oil in the large pockets between the cells. These interparen- 
chyma pockets in leaves, and second-year stems in bulbs, apparently 
serve as gas chambers. 

Study of these vegetables showed that the petroleum oils were 
mainly between the par^chyma cells, but also were inside tracheae 
and parenchyma cells. Evidently, the oils are conducted mainly 
between the cells in passing from leaves into roots. 

LITERATURE CITED 

(1) Chandleb, S. C., Flint, W. P., and Hubeb, L, L. 

1926. RECENT INSECTICIDE EXPEBIMENTS IN ILLINOIS WITH LUBRICATING 
OIL EMULSIONS. III. Nat. Hist. Survey Bull. 16: [103J-126, iUus. 

(2) Ginsburo, J. M., Schmitt, J. B., and Granett, P. 

1935. UTILIZATION OF A COMPLETELY REFINED, LOW-BOILING PETRO- 
LEUM DISTILLATE IN CONTROLLING INSECTS INFESTING CHRYSAN- 
THEMUM AND OTHER PLANTS. JouT. EcoD. Eut. 28: 236-242, 
Ulus. 

(3) Green, J. R. 

1932. CHEMICAL AND PHYSICAL PROPERTIES OF PETROLEUM SPRAY 
OILS. Jour. Agr. Research 44: 773-787, Ulus. 



934 


Journal of Agrimltural Bmarch 


Vd. U, tto. 30 


(4) Herbert, F. B. 

1933. AIRPLANE LIQUID SPRAYING. Jour. Econ. Ent* 26; 1052-1056, 

Ulus. 

(5) 

1934. AIRPLANE VAPOR SPRAYING: A PROGRESS REPORT. JoUr. ECOD. 

Ent. 27: 1040-1042. 

(6) Knight, H., and Cleveland, C. R. 

1934. RECENT developments IN OIL SPRAYS. JouF. EcoD, Ent. 27: 
269-289, illus. 

(7) Parker, W. B. 

1933. VAPO DUST — a development in scientific PEST control. 

Jour. Econ. Ent. 26: 718-720, illus. 

(8) 

1934. RECENT DEVELOPMENTS OF THE VAPO DUST METHOD- OF PEST 

CONTROL. Jour. Econ. Ent. 27: 1036-1040. 

(9) Rohrbaugh, P. W. 

1934. PENETRATION AND ACCUMULATION OP PETROLEUM SPRAY OILS 
IN THE LEAVES, TWIGS, AND FRUIT OF CITRUS TREES. Plant 

Physiol. 9: 699-730, illus. 

(10) Young, P. A. 

1931. PENETRATION AND TOXICIIIBS OP PETROLEUM-OIL SPRAYS. (Ab- 

stract) Phytopathology 21: 130. 

(11) 

1932. LUBRICATING-OIL SPRAYS AND THEIR EFFECT ON POTATOES. (Ab- 

stract) Phytopathology 22: 31. 

( 12 ) 

1934. FUNGI AND BACTERIA AS INDICATORS OF THE EFFECTS OF PETRO- 
LEUM OILS ON APPLE LEAVES. Phytopatholgv 24: 266-275, illus. 

(13) 

1934. FREEZING PHENOMENA IN CRESOAP EMULSIONS OF PETROLEUM 
OILS. Plant Physiol. 9: 79&-804, illus. 

(14) 

1934. PENETRATION, DISTRIBUTION, AND EFFECT OF PETROLEUM OILS IN 

APPLE. Jour. Agr. Research 49: 559-571, illus. 

(15) 

1935. OIL-MASS THEORY OF PETROLEUM-OIL PENETRATION INTO PROTO- 

PLASM. Amer. Jour. Bot. 22: 1-8, illus. 

(16) 

1935. DECANE RING-SPOT OP APPLE LEAVES, AND SYMP;:|!6MS OF DECANE 
INJURY IN APPLE, POTATO, AND ONION. AiuBt. Joiir. Bot, 

22: 629-634, iUus. 

(17) : and Morris, H. E. 

1933. INJURY TO APPLE BY PETROLEUM-OIL SPRAYS. Jour. Agr. Research 

47: 505-522, illus. 




THE DEVELOPMENT OF THE COTTON EMBRYO • 

By R. G. Rebvbb, «ro/«s«or of biology, AgrievUural and Mechanical College of 
Texae, and J. O. Bbaslbt, aasislanl agronomist, Texas AgrieuUwal Etpervment 
Station 

INTRODUCTION 


The development of the cotton embryo was treated briefly from the 
morpholomcal point of view by Balls (7),* Flatters (^), and Gore (4). 
None of these mvestigators, however, made a chemical study of the 
developing embryo. Ordinarily such investigations have not been 
made because of the impi^ticabilit]^ of separating the immature 
embryos from the surrounding tissues in sufficient c|uantities to make 
satisfactory analyses. Instead of the usual chemical analyses it is 
often practical to use microchemical tests, for, although they have 
the disadvantag'e of not yielding quantitative results, wey have the 
advantage of being applicable to plant tissues in their natural position 
and to comparatively small quantities of material. 

This study of the development of the cotton embryo was undertaken 
for the purpose of obtaining a knowledge of the rate of growth, 
anatomical development, and chemical development, as related to 
each other and to the age of the embryo from the first division of the 
zygote to dormancy. 

METHODS 


In July 1934 approximately 150 flowers of an American upland 
cotton (Startex) were self-pollinated. As the time after pollination 
that is required for fertilization to occur has been reported by Gore (4) 
to be from 26 to 32 hours, the present report includes no studies to 
determine the length of this period, but it is assumed that fertilization 
occurred within 36 hours. Material was collected, killed in Licent’s 
fluid, sectioned, and stained with haematoxylin or safranine. Col- 
lections of embryos were made at the following periods (days) after 
fertilization, allowing 36 hours for fertilization to be completed: 
1, 2, 3, 4, 6, 9, 12, 15, 16, 18, 22, and 26. Before the twenty-sixth 
day most of the important anatomical developments had occurred, 
and the oldest of the material was not used for anatomical studies. 
However, microchemicai teSts and growth studies were made on 
the older material. 

Some difficulty was experienced in making microchemicai stuffies on 
fresh material before the sixth day. This was caused by the minute- 
ness of the embryo and the fact that it gave the same reactions as the 
endosperm surrounding it. 

Weights of embryos 16 dare of age and older were taken immediately 
after their dissection from the ovmes, and again after drying m air for 
24 hours. The lengths of embryos were recorded from the sixth day 
until maturity. 

■ BwelTed for pabltoation July 22, 12U; bsaed Febrtuury 1836. Oontribatton (Tom the Divteioii of 
Toxas Aerleiiltaral Experiment Station, as Tedmwd Papa- No. 8S3. 

' Belerenoe ia made by number (Italio) to literature Cited, p. 8<4. 
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EABLY DEVELOPMENT OF THE EMBRYO 

The first division of the zygote, which ordinarily occurred the second 
day after fertilization, was usually horizontal (fig. A). This was 
followed by a vertical divisiun of the apical and sometimes of the basal 
cell (%. I, B). Occasionally a diagonal division instead of the 
vertical occurred in the ^ical cell, giving rise to such a structure as 
that shown in figure 1 , v. The exact manner of origin of this con- 
figuration was not determined because of its relatively rare occurrence. 
A second departure from the condition shown in figure 1, B, occurred 
when the basal cell failed to divide (fig. I, C, D), resulting in a one- 
celled suspensor. Three-celled proembiyos were most frequently 
foimd in ovules killed the second day after fertilization. 

An intermediary tier of cells was found (%. 1, 10, but never a single 
intermediary cell, as was reported in Malm ratundifolia by Sou^ges (6). 
A perfect quadrant was probably formed, and various slight depar- 
tures from it were common. A group of t^ee cells at the apex (fig. 1, 
E) also was foimd. The structure shown in figure 1, E, occurred in 
material killed the third day after fertilization. 

A short suspensor was formed, but in some cases it showed early 
signs of disorganization. The latter fact may explain Balls’ (1) state- 
ment that the cotton embryo has no suspensor. 

In material taken the fourth day it was found that octants (fig. 1, 
H) had been produced from the quadrants by further cell division. 
About the same amount of irregularity was observed in the octants as 
had been found in the quadrants. Material taken the same day also 
showed mitoses and periclinal walls separating off the dermatf^en 
(fig. 1, ^and /). 

Although the stages foimd here are irregular, if the succession shown 
in figure 1,A,B, D, F, H, and J is followed, the history of the develop- 
ment of the cotton embryo will be seen to be similar to that described 
by Soudges (ff) in Malm rotundifolia. He gave the following account: 
The first division is horizontal and is followed by a vertiem division. 
The bipartition of the elements of the tetrad gives an octocellular 
proembryo possessing four circumaxial cells in its upper part. Some- 
times 1 of the 2 juxtaposed elements of the tetrad is segmented hori- 
zontallv or obliquely. The 4 quadrant cells at the apex are separated 
by walls which take insertion on the peripheral membrane and come 
down to the vicinity of the axis on the lower horizontal wall (prenant 
insertion sur la membrane pMph6rique et venant tomber au voisinage 
de I’axe sur la paroi horizontale inf4rieure). Each of the 8 cells then 
divides, giving rise to a 16-celled proembryo. The wall of segmenta- 
tion of the quadrant is often horizontal. Five tiers of cells are 
produced that give rise wholly or in part to cotyledon, hypocotyl and 
initials of the central cylinder, cortex at the simunit of the radial 
central portion of the tip, and suspensor. This description of the 
embryogeny of Malm roiundifolia appears to be the only record 
in the literature relative to the early stages of the developing embryo in 
any malvaceous plant other than cotton. 

A great deal of irregjularity was found in the details of the early 
stages of development in the cotton embryo; however, the stages of 
development illustrated were studied carefully and to all appearances 
are natural. No doubt the various embi^os were sometimes observed 
from different sides, but if they were radially symmetrical and regular 




sho^g b^liming of the ^umule. X 580; JV, plumule of a 15-day-old embryo, X 240; 0, oroa section of 
wtyledons of a 12-day-old embryo, snowing th^ position with reference to the endoepwm and raphe 
X 20; successive stages in the development of resin glands, x 5fi0. 
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in early development, as proembryos are often thought to be, their 
appearance would always be much the same. 

Because of the irregularities noted it is impossible to state the 
exact age at which cotton embryos reach any particular stage of 
development, but the data given throi^hout this paper probably rep- 
resent the conations that occur most ^quentlv at the ages indicated. 

The first microchemic^ tests were made when the embryo was 6 
days of age. At this time, carbohydrates (Molisch reaction) and 
proteins were present. Negative results were obtc^ed, however, 
when tests were made for starch, pentosans, and oils. The endo- 
sperm, which was very abundant at this age, gave exactly the same 
reactions as the embryo. 

THE GRAND PERIOD OF DEVELOPMENT 

The early development of the cotton embryo, as described above, 
took place before the rapid increase in sue of the embryo had begun. 
About 9 days was requ^ed for the initials of the main organs, such 
as cotyledons, hypocotyl, and plumule, to be formed. The embryo 
then entered a period of rapid growth, and details of structure con- 
tinued to manifest themselves as development proceeded. Organiza- 
tion of the cotyledons began between the sixth and ninth day (fig. 1, 
L), when the embryos became heart-shaped in general outline with 
the two auricles developing into cotyledons and* the ventricle end 
into a hypocotyl.^ Soon after the cotyledons had assumed their 
form a small mound of tissue could be observed in the axil between 
them (%. 1, M). This was the first appewance of the plumule as 
such. The plumule did not become conspicuous until the fifteenth 
day (fig. 1, AO. 

Between the sixth and ninth day, the histogens of the hypocotyl 
made their appearance. The limits of the dermatogen, periblem, and 
plerome were recognized without diflSculty on the ninth day. In 
material of this age proteins and starch were found to be present 
and pentosims and oil were absent. Reactions in the endosperm in- 
dicated a slight amount of starch, but otherwise the same materials 
were detected there as in the embryo. At 12 days of age the em- 
bryos averaged about 1.6 mm in length, and had taken a position on 
the side of the embryo sac approximately opposite the raphe (fig. 1,0). 

In embryos 12 days of age the cotyledons averaged about 7 layers 
of cells in thickness, these layers being the upper and lower epidermis 
and 5 layers of mesophyll. The cells were fairly uniform in size and 
shape and often were in regular rows. As the embryos advanced in 
age the cotyledons increased in thickness by an increase in size and 
number of cells. At 12 to 15 days of age the earliest signs of provas- 
cular strands were found in the cotyledons. These signs appeared 
first through the formation of cdl walls horizontal to the sunaces of 
the cotyledon, and later by walls vertical to these surfaces and longi- 
tuc^al to the axis of the provascular strands. Differentiation of the 
palisade cells of the cotyledons had be^n, also, at this age, the sec- 
ond layer of cells from the upper sunace being 50 to 100 percent 
longer tiian the other mesophyll cells. 


^Tiie term ** hypocotyl ** is need In this paper in the broader sense to Include all the organs of the embryo 
below the attachment of the ootyledons. 
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In 15-day-old material several other changes were apparent, the 
most interesting beii^ the first signs of the resin glands, l^e first 
indication of a gland was the appearance in the cotyledon of a few 
(usually 2 or 3) lai%e cells whose protoplasm was very granular and 
stainea rather darkly (fig. 1, P). The surrounding ceUs were of ordi- 
nary size and shape except that they were slightly flattened.* As 
the embryo advanced in development, the large cells increased in 
^e, and the cells surrounding them became more flattened (fig. 1, Q). 
Signs of diso^anization of the protoplasts of the large cells were obvi- 
ous on the sixteenth day, for the nuclei had lost their identity, cell 
walls had ^gun to disappear, and the contents of the cells had as- 
sumed a still more granular, but otherwise homogeneous, appearance. 
A few layers of the surrounding flat cells also became disoigaruzed 
and the cells surrounding them in' their turn became flat and showed 
signs of disorganization (fig. 1, R). At this age the young glands 
were well on their way in development, and no structural changes 
were found between tms condition and maturity, except a continua- 
tion of the phenomena already described. 

Microchemical tests made on embryos 16 days of ^e showed traces 
of oil but no peiitosws. Reactions of protein with biuret and Millon 
regents were more intense in the embryo than in the endosperm, and 
this difference was observed imtil the seed was mature. 

In embryos 18 days of age, the contents of the young resin gl^ds 
gave the same color reaction with sulphuric acid that had been obtained 
m glands of mature embryos. Marchlewski (5) attributed this reac- 
tion in the mature embryos to the presence of gossypol. This test is 
by no means specific for gossypol, but when carefully used it is a fair 
indication of that substance. Sulphuric acid will produce a red color 
in other parts of the embryo, but the particular shade of color and the 
streaming of the gland contents observed at this stage of development 
are identical only with those obtained in the glands of mature embiyos. 
It may well be emphasized here that the reactions indicating gossypol 
were not observed at the time of the first wpearance of the glands, 
but only in embryos 18 days old or older. Gallup (5), in his studies 
of the time of appearance of gossypol in cottonseeds found gossypol 
first in 32-day-old seeds. His analyses were nmde on the entire ovule, 
rather than on the embryo alone as was done in the present investiga- 
tion. Naturally, gossypt# would be relatively less abundant in the 
entire ovule, and tiiis may account for his not finding it in the young 
ovules where it had not become ploitiful. 

A study of 1 8-day-oid material showed that pentosans had appeared 
in the glands and that the amount of oil in the cotyledons had greatly 
increased. Starch and prote^ were still abimdant in both the 
embiyo and endosperm; and since it is well known that proteins, oil, 
and pentosans are common in fully mature embiyos, tests for them 
were discontinued at 18 days after fertilization. Starchy however, 
was known to practically disappear before maturity, and m order to 
determine the time of its disappearance, tests were made for it until 
this condition was found. Starch seemed to disappear so gradually 
that the time when it began to decrease was not determined. It was 
found to be scarce at 33 days after fertilization; and traces were 
rarely found in seeds that were apparently mature. When the embryo 
was 18 days of age, all of the oi^ans and provasculw tissues were well 
on th^r way in development. All important chemicsl components of 
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tile embrj^o identified in this study had also begun to appear, and most 
of them were fairly abundant. The remaindw of the penod of develop* 
ment of the embryo must therefore consist chiefly of changes (usually 
increases) in the amounts of the various components and mcreases in 
the size of tiie omans and in the size of the embryo as a whole. 

Mkrochemical tests for sugar in the emb^os were neverpotitive 
except possibly with the Mmiseh and the Fehling tests. Tests for 
sugars were made not only on the embryo but also on young Unt hairs 
and the seed coat. The results of these tests are given m table 1. 
From this table it may be seen that glucose is present m the developing 
lint hairs. The results were checked and found identical with results 
obtained on known corresponding substances. Although tests for 
glucose, except in the form of glucosides, conducted by other investi- 
gators on all parts of the cottonseed have consistently given negative 
results, there c«m be no doubt that the results obtained in this study 
on the young Unt hairs are typical glucose reactions. In addition to 
the results summarized in table 1, tests for glucose were made on lint 
hairs soon after their appearance and also in the later stages of develop- 
m^t. The results showed that glucose is an important component of 
the lint hairs from the time of their first appearance unw the boll 
b^ns to open. The occurrence of glucose in these hairs is not sur- 
prising in view of the fact that the hairs are composed chiefly of 
O/dllulose and that a close relationsliip is known to exist between glucose 
and ceUulose. 

Positive reactions for glucose and fructose were obtained on the 
seed coat during its development, although these results were some- 
what masked by a flocculent precipitate of some other component. 
After the reactions had been carefully studied and the tests repeated 
on filtered extracts of the seed coats, it was concluded that this struc- 
ture contained substances that gave the reactions of fructose and 
glucose. The glucose reaction was not as strong as that of fructose. 


Ta^ble 1. — Summarized results <if microchemical tests for sugars in the cottonseed 
coat, embryo, and lini hairs 10 to ^^6 days after fertilization 


Test 

Lint hairs 

Seed coat 

Embryo 

Pliyiythy^rftT.iqfl 

Positiva, glueoso- - -- 

Positive? ffliioose^...- 

Negative. 

FlOoMgtr 


Positive? glucose and firuotose. 

Negative? 

FebUiue 

MoliSh 

Positive 

Positive 

Positive? 

do 

do 

Do. 


Embryos gave the Molipph reaction for carboyhdrates from their 
early formation to maturity; however, the Flflckiger and phenyl- 
hydrazine tests showed thu this was not the result of the presence 
of glucose or fructose, ^veral other sugars and ^ucosides are 
known to occur in maturs: cotton embryos, and probably one of 
them was the substance tl^t gave the reaction for carbohydrates. 
Indeed, starch, which is known to be present in developing embryos, 
gives positive reactions wij^ the Molisch reagent, but it usually 
reacts more slowly than tlip carbohydrate imder investigation here. 
The Fehlkg test showed a iomewhat doubtful reaction for reducing 
sugars. A pretipitate occi^ed, but its appearance was not typical 
of the copper oxide that pninpitates when the test is applied to any 
of the common sugars. 
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THE CLOSING PERIOD OF GROWTH 

In the clomng period of growth of the embryo there were fewer 
changes than in the grand period. Storage materials continued to 
form, so that there was a slow increase in w^ht, but there was 
a great loss of water and therefore a loss in total weight. No new: 
tissues or organs appeared and no new chemical components were 
recognized. 

THE GROWTH CURVE 

For several decades biologists have recognized the fact that the 
normal growth curve of an organism takes the general form of a 
somewhat straightened S ; that is, grov^h begins slowly ([the formative 
period), later becomes much more rapid (the grand period), and then 
again becomes slow preparatory to cessation (the maturation period). 
In the life of the sporophyte of a cotton plant, there are at least two 
such growth curves. 

The first represents the 
development of the em- 
bryo from the zygote 
to the mature seed In 
the resting period, and 
the second represents 
the time from the 
awakening of the em- 
bryo from its dormant 
period until the sporo- 
phyte has reached ma- 
turity. In the cotton 
embryo, the exact form 
of the growth curve 
(figs. 2 and 3) was 
found to vary in some 
details, depending upon 
whether the size of the 
embryo was recorded 
as length, immediate 
weight, or air-dry 
weight. The curves 
are very similar, however, and the differences are easily explained. 
It was not found practical to weigh embryos until 16 days after ferti- 
lization, but measurements of length were taken as early as 6 days 
after fertilization. The embryo entered upon its grand permd of 
development in Imigth about a week before it entered this period^ of 
development in weight. This is explained by the fact that during 
early development length increases more rapidly than volume. On 
the fifteenth day the embryos were approximately 3.8 mm long. Then 
they bwan to expand laterally, filling the cavity of the growing seed 
coat, from that time until the seed reached its greatest length, the 
weight and length curves were very similar; however, when this period 
was reached, about the twenty-sixth day after fertilization, the 
w^hts continued to increase at the same rate. The last 3 days of 
this period make up the period of maturation. The malnyos con- 
tinued to increase m actual size (live weight) until the thirty-fourth, 
or thirty-fifth day, when they began to lose weight by frying. They 
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AGE (DAYS) 

Fiqube 2.— Length of cotton embryos at different ages. 
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reached an equilibrium between the forty-third and forty-aeventh 
day and then remained constant. The period of maturation in live 
woght occupied from the thirtieth to the thirty-fourth day. In air- 

dry weight, the em- 


leo 


no 


too 

90 


so 


70 


-90 

X 

2 40 

Ul 

^ 30 


20 


10 


bryos increased stead- 
ily until the thirty- 
second day and then 
entered npon the 
period of maturation. 
They attained their 
^atest weight on the 
fortieth day, although 
the variation observed 
in the curve after the 
thirty-sixth day was 
probably caused by the 
smallness of the 
samples. The curves 
based on weights show 
the period of matura- 
tion more adequately 
than the curve based 
49 90 99 60 on length. Gallup (S) 
states that the weight 
of the embryo may be 
expected to decrease 
slightly after maturity, possibly through respiration. A decrease 
would naturally occur m any seed, but the amount of decrease would 
be negligible. 

The principal events observed in the developing embyos with their 
corresponding ages are summarized in table 2. 
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FiQtmiE 3.— Weight of cotton embryos at different ages. 


Table 2 . — Age in days of cotton embryos with corresponding morphological and 
chemical changes^ green weight, dry weight, and length 


Morphological and chemical changes 

Age 

Embryos 

weighed 

Green 

weight 

Dry 

weight 

Embryos 

measured 

Length 

Occasionally first division of eygote 

Days 

1 

2 

3 

4 

e 

9 

12 

W 

16 

18 
19 
22 
26 
30 
32 
34 
36 
38 
40 
43 
46 
53 i 

Number 

Mg 

Mg 

Number 

Mm 

First or second division of eygote 






.Quadrant and other similar stages 






Octant; separation of dermatogen 






Carbohydrates (Moliscb reaction) and pro- 
teins present 




2 

2 

15 

16 

13 

5 

12 

30 

29 
20 

31 
76 

, 30 

44 

30 
20 

0.07 

0.29 

1.6 

.3.8 

6.8 

8.Y 

9.9 

9.5 

9.6 

9.8 
9.3 
9.2 
9.2 

7.9 
8.0 
8.1 

Early organization of cotyledons and hypo- 
ootyl; appearance of bistogens and starch.. 
Location of embryo at side of embryo sac 
opposifie raphA „ ^ . _ _ 




Appearance in cotyledons of provascular 
strands, resin glands, and palisade tiasue; 
early differentiation of plumule, appear- 
ance of oil 

Appearance of gossypol and pentosans. . .. 

Continuation of growth add differentiation 
of tissues that had already arisen 

20 

14“ 

14 

20 

65 

14 

20 

59 

76 

50 

44 

30 

20 

7.6 

16.4 

53.6 
77.8 

100.2 

1C7.1 

110.8 

100.8 

99.4 

90.6 i 
‘ 7a2 ^ 

63.5 

66.7 

3.0 

4 6 
21.0 
88.0 

52.0 

60.0 
61,2 
64.7 
63.0 

70.2 
69.5 

63.3 
65.9 
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ABNOBMiOlTlES AND IBBEGULABITIES 

Although the material used in this study was thought to be a rela* 
tirely xmiform race of American upland cotton, much irregularity 
was observed in the dze of embryos of identical ages. 

A few examples will suffice to show the range in size of emblyos 
of the same age. Three 29-day-old bolls were taken at random, 
embiyos were ffissected from them, and the average live weights were 
found to be as follows: Boll 1, 20 embryos averaged 72 mg; boll 2, 
20 embryos averaged 111 mg; and boll 3, 15 embryos averaged 123 
mg. 

After the bolls had been dried in air imtU an equilibrium was 
reached, the following average weights were recorded: BoU 1, 20 
embryos averaged 33 mg; boll 2, 20 embryos averaged 60 mg; and 
boll 3, 15 embryos averaged 63 mg. It should be emphasized that 
these %ures are the averages of p or 20 embryos, taken at random 
from the boll, and that the variation among individual seeds was 
probably much greater than that shown here. 

Amoi^ the embryos from a single 19-day-old boll the range in 
length was from 3.5 to 7 mm. If this range were stated in volume or 
wei^t it would be much greater. In a fully open, 53-day-old boll, 
the range in length of 10 embryos taken at random was from 6 to 
9 mm. This was an ordinary sized boll having 5 good locks and 37 
seeds. 

Such cases of variation were not at all uncommon, although it 
cannot be said that they were of regular occurrence. Whenever so 
wide a range of variation occurred it was usually in part the result of 
the fact that a few embryos were much smaller than others. For 
example, in the last case cited above, the individual measurements 
in millimeters were as follows: 6, 7.5, 8, 8, 8, 8, 8, 8.5, 8.5, and 9. 
Numerous ovules of all ages were found which at first appeared to be 
entirely devoid of embryos, but which upon close examination showed 
small, sickly ones. 

Ovules that showed no embryo sacs, or very abnormal ones, were 
found occasionally. Undeveloped ovules caused by a lack of fer- 
tilization were common, of course, but were not among the irregulari- 
ties studied. Observations indicated that the position of the seed in 
the locule was related to its ultimate size. Position is undoubtedly 
related to shape of embry(i%nd therefore to length. Rea (7) obtained 
some evidence that motes, or abortive ovules, are caused by a lack of 
fertilization. Some of the irregularities reported here are undoubtedly 
related to motes, and further embryological studies should reveal 
useful information as to how they originate. 

SUMMARY 

A study was made of the anatomical and chemical development of 
the cotton embryo in relation to its rate of growth. 

The early anatomical development was found to be somewhat 
irregular, but it showed certain similarities to the early embryonic 
development of Malm ratundijolia as reported by Sou^ges. 

Details of the development of the resin glands were studied. 
Indications of gossypol were found much earlier in the development of 
these glands than had been previously reported. 
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Most of the organs and tissues b^an their deyelopment during the 
latter part of the formative period and the Srst part of the grand 
period of growth. On or before the eighteenth day, oil, starch, 
pentosans, gossypol, and proteins were formed. All of these materials, 
except starch, were found throughout the remaind^ of the growth 
period. 

Glucose was not clearly demonstrated in the embryo at any time 
during the entire period of development, but it was found in the 

S lint hairs from the time of their first appearance until just 
maturity. 

A high degree of variation in rate of growth and in size of embryos 
within the same boll was found, in spite of the fact that the material 
was thought to be relatively piure and the flowers had been self- 
fertilized. Numerous irregularities in form were observed in mature 
embryos. 
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THE CHROMOSOME NUMBER IN GLADIOLUS » 

By Ronald Bamfobo 

Associate botanist, Maryland Agricultural Experiment Station 
INTRODUCTION 


The genus Gladiolus U known best by its many summer-flowering 
varieties. The exact oriein of these types in many cases is uncertain, 
but it is generally agreed 3, 6, 11, 12, IS)* tbat interspecific hy- 
bridization followed by rigorous selection has played an important 
part in their development. It appears that such hybrids have often 
arisen from crosses between very different species and that eventually 
not only 2, but sometimes 3 and even 4 species have been involvecl. 
The high degree of fertility in the commercial varieties, in view of 
their supposed origin, is surprising. 

It was the purpose of tms study to determine the chromosome 
number of many of the species and some of the representative types 
of the commercial varieties, and, if possible, to establish the relation 
between the two groups. Subsequent studies will deal with chromo- 
some behavior in interspecific and intervarietal hybrids. 


PREVIOUS REPORTS 

The literature on chromosome number in Gladiolus is not abundant. 
Most of the reports have riven the chromosome number for only a 
few species or varieties. Tliese are listed in table 1, along with the 
list of Ernst-Schwarzenbach (5), who has approached this problem 
along lines similar to those followed in the present investigation. 

Table 1. — Chromosome numbers previously reported for Gladioltis 


Species or variety 

n 

2w 

0. primulinus Baker: 

var. La Meurthe 

30 


vex* Priority 

i4 


Q. guartinianui A. Rich 

14 


0. quarUnia'Mit var. Halloween 

14 


0. iristis L 

14 


0. trietit L. var. corwolor 

0. cardinalie Curt 

0. Coltfillei Sweet var. roeeue 4 .» - - 

0. ramoBue Paxt 

0. cuepidatus JaoQ.. 



15 

30 

30 

30 

46 

0, byzantinut Mill.. 

30 


0, primulfnut var. Souvenir 

30 


OladioluA vfljrlAtifiS.-. _ . 

30 

Do 


60 

Q. gandaveneit Van Houtte: 


var. Pomp/s— 

30 


var. AUxandre^^^ 


60 

60 

var. Red C^nna^ 


Q. lemoinei Hort.: 


var. Catharina-. 

30 


var. Dow SaUutte 

60 

var. Mrs. Frank Pendleton 


60 

0. nanceianuB Hort. var. dee^mone 

80 


Reported by 


De Vilmorin and Simonet (14). 

McLmn ( 10 ). 

Do. 

Do. 

Do. 

Ernst-Sohvarsexibaoh (5). 

Do. 

Emst-Schwarsenbach and Brlttlng. 
ham (5). 

Brnst-^chwarsenbach (4). 

Do. 

Do. 

Do. 

Kinosbita (Kihara et al.) (7). 
Wakakuwa (Bihara et al.) (7). 

Emst-Sohwarsenbaofa (5). 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


1 Received for publloation July 1. 1935; issued February 1938. 

* Refisreiioe is made by number (Italto) to Literature Cited, p. 950. 
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It appears from table 1 that the lai^er sutmuer-floweimg forms 
are tetraploid and have a chromosome number of 60=2n, whereas 
the smaller winter- or spring-flowering types, both species and va- 
rieties, are diploid and have a chroinosome number of 30=s2a. One 
exception is CHadiolm ramosus (considered to be a group of hybrids) 
which has 46=3X-f 1 chromosomes and which Emst-Schwarzenbach 
(5) considers to be a hypertriploid. 

MATERIALS AND METHODS 

Seeds and corms were secured from many commercial dealers in 
South Africa, Emope, and the United States and, whenever possible, 
duplicate material was used. Some critical material was available 
through the kindness of Dr. F. T. McLean, of the New York Botanical 
Garden, and B. Y. Morrison, of the Bureau of Plant Industry, United 
States Department of Agriculture. Identification was made by 
resorting to a variety of sources, particularly to the work of Beal (^) 
and Baker (1). However, the ease of hybridization in Oladidm 
makes the problem of identification a difiicult one, especially where 
any species has been crossed with a commercial variety. McLean 
(9) reports that most of the progeny look like the species parent. 

The chromosome numbers were determined chiefly from root-tip 
material, and some were checked in flower buds. Both were fixed 
with Navaschin’s fluid, followed by the usual xyloi-paraffin method, 
and stained in iron-alum haematoxylin after sectioning. Other 
fixing agents yielded very poor results, particularly when the chromo- 
somes were numerous. Regardless of number, the fixation of the 
anthers is uncertain, a confirmation of the condition reported by 
Emst-Schwarzenbach (5). 

All drawings were made with the aid of a camera lucida and the 
the use of a 15 X compensating ocular with a 90X 1.3 apochromatic 
objective. 

RESULTS AND DISCUSSION 

The chromosome number found in species, species hybrids, and 
various commercial varieties of Gladiolus is shown in table 2, and 
illustrations of the chromosomes of some representative types are 
presented in figure 1 . 

It is apparent from table 2 that the genus Gladiolus is heteroploid 
and has a basic chromosome number of 15. The majority of the 
species are diploid, the only exceptions being the members of the sub- 
section Dracocephali and the European-Asiatic group. The fonner 
contains the major portion of the species involv^ in the supposed 
origin of the summer-flowering commercial varieties. The latter 
group has always been considered a very distinct one, and this is 
further indicated by the chromosome number. 

The size of the chromosomes, regardless of the number, is almost 
the same. In fact, anjr variation might well be covered in one root 
tip. It is possible at times to detect 2 or 4 large chromosomes but 
the results are not consistent. Brittingham (S) has also called atten- 
tion to this fact, and it seems probable that it may account for the 
counts of 31 found in occasional cells by Emst-Schwarzenbach (#). 
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Table 2. — Chromosome numbers determined for gladiolus species^ species hybrids 
and various commercial varieties 

SPECIES ANP SPECIES HYBRIDS 


EuglAdiolus: 

Species of Europe and western 
Asia: 

a. byzantinw Mill 

0. communia L. variety 

0 . aegetum Ker 

G. tUroaiolaceoua Boiss 

O. anatolkua Van Tub 

a. 

Species of Oat)e and tropical 
Africa: 

O. triatia L 

O, triatia var. concotor Sails... 

O. grandia Thunb 

O. recurvua L 

0. reeunma hybrid 

0. gracilia Jacq 

G. angustua L 


G, cuapidatua Jacq. 

G. tricnonemifoliua Ker. . 

G. breeifoUua Jacq 

G. debilia Ker 

G. pappei Baker 

G. villoaua Ker 

Parviflori: 

G. crasaifoliua Baker 

G. papUio Baker hybrid. 


Eugladiolns— Continued 
Blandl: 

G. blandua Aiton 

O'. Atrsuftts Jacq 

G. oppoaUiflorua Herb 

G. undulatua Jacq 15 

G. odoratua L. Bolus 

0, eatliatua F. Bolus 

('ardinales; 

G. eardinalia Curt 

G. aplendena Baker 

G. earmineua Wright 

Draoocephali: 

G. dracocephalua Hook 

G. dracocephalua hybrid 

G. paittaeinua Hook 46 

0. paittaeinua hybrid 

0. primulinua Baker 30 

0. platyphyllua Baker 

G. coecineua L. Bolus 

O', guartiniantia A. Rich, hy- 
brid 

G. aaunderaii Hook 

Q. aaunderaii hybrid 

(lebea: 

G. alatua L 15 

G. alatua hybrid.... 


G. orchidiflorua Andr. hybrid. 

G. formoaua Klatt hybrid 

0. permeabilia De la Roche. . 


COMMERCIAL VARIETIES, WINTER-FLOWERING TYPES 


Gladiolus colvillei Hort.: 

var. alba 

var. roaeua 

var. rubra 

G. tuberginii Hort.: 

var. Charm 

var. Prunella 

O', nanus Hort.: 

var. Siren 

var. Spitfire 

var. eardinalia elegana. 

var. Ackermanni 

var. Peach Blossom... 


Gtadiofua nanua Hort.—Oontinued. 

var. Robinhood 

var. Blushing Bride 

var. Nymph 

var. Liberty 

var. Qroenendaal 

var. Boos van Pekama 

Herald gladiolus: 

var. Dillenberg 

var. Joost v. d. Vondel 

var. P. C. Hooft 

var. Prof. Ponders 

var. Leeuwenhoek 


COMMERCIAL VARIETIES, SUMMER-FLOWERING TYPES, (2«»60) 


Abb6 Raucourt 
Aida 
Albatross 
Alice Tlplady 
Alsace Lorraine 
Altar 

Anthony Kunderd 
Ave Maria 
Barop Joseph Hulot 
Blue Isle 

Blue Triumphator 
Break o’Day 
Cftfdinal Prince 
Catharina 
Catherine Coleman 
Oattleya Rose 


Name 

Name 

Commodore 

King of Oranges 

Contemplation 

Pe8d4mone 

L von Beethoven 

Los Angeles 

Marshed Foch 

Dr. F. E. Bennett 

Encelade 

Mary Jane 

Enchantress 

Meadow Lark 

Evelyn Kirtland 

Minuet 

Francis King 

Mr. Mark 

Giant Nymph 

Mr. W. H. Phipps 

Gloriana 

Mrs. F. C. Peters 

Golden Dream 

Mrs. Frank Pendleton 

Golden Measure 

Mrs. Leon Douglas 

Hyperion 

Mrs, P. W. Sisson 

Impressario 

Indian Chief 

Mrs. Van Konynen- 
burg 

Jane Addams 

October 


Pacha 

Pfltzer’s Triumph 
Picardy 
Pierian 
Porthos 

Pride of Wanakah 
Princeps 

Prof. E. H. Wilson 
Purple Glory 
Rob Roy 
Rose 

Syncopation 

Taurus 

Vermillion 
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Wyie many of the records concerning the development of the com- 
mercial varieties of G^adiolua may be questionable, there seems to be 
no doubt that many of the external characters which distinguish 
some of the species are found in the current conunerdal tvpqs. 
McLean {10) and others, have shown specific cases and listed the 
probable species concerned. While the list in table 2 does not include 
all of these species, it dora contain many of the key types, namely, 
0. eardinalia, 0. oppoaUiflopia, 0. Saunderaii, Q. primdinua, 6. 
dracocephcdm, and G. paittacinua and their chromosome numbers are 
given as 30, 60, and 90. If such spedes, mth different chromosome 
numbers, are parents of the commercial varieties, it is hard to see how 
all of these hybrids are tetraploids. However, t^ occasional tri- 
ploids and pentaploids might form an intermediate step in this 
development. 

Within the past few years the attention of cytologists has been 
centered on the nature of the chromosomes rather than on the num- 
ber, and special consideration has been given to the spindle-fiber 
attachment, to the satellites, and to dze differences. These features 
have been helpM in tracing the ancestry of existing types. This 
method of tracing ancestry would be exceedingly difficult to apply 
in the case of Olmidua because of the smallness of the chromosomes, 
so other methods must be employed. One of these seems to be a 
careful observation of the behavior of the triploids and pentaploids, 
in regard to both chromosome number ana genetical characters, 
when they are used in crosses. That such triploids and pentaploids 
exist has already been pointed out. These are probably diploid- 
tetraploid and tetraploid-hexaploid hybrids, and recent crosses 
between forms with known cliromosome numbers have shown that 
such crosses are very readily secured. If such triploids and penta- 
ploids are again used in backcrosses, particularly as the pollen parent, 
selection by hybridizers from the resulting offspring might tend to be 
centered around those with a tetraploid number, because of certain 
desirable qualities which they possess. Thb would be especially 
true when a tetraploid is used as the seed parent. That the gametes 
of triploids and pentaploids which must effect fertilization are likely 
to be euploid has been shown in Zea-Euchlaena, Triticum, and Nico- 
tiana hybrids and in many other crosses of this type. Longley, who 
has listed and discussed these hybrids (8, p. 802) says: 

Where the chromosome complement of a plant is made up of chromosomes in 
addition to the two homologous sets [triploids and pentaploids], the tendency of 
the functioning gametes to nave the basic chromosome number or a multiple of 
this number must lead to the production of plants with chromosome numbers 
in multiples of the basic number and to the absence of plants with aneuploid 
chromosome numbers. 

No aneuploid Oladioha has yet been found except a variety of 0. 
communia, and this group has apparently not entered into the forma- 
tion of tetoaploid summer gladiolus. 

A detailed description of meiosis, particularly in the commercial 
varieties, is omitted from this account because of the confusing triva- 
lents and tetravalents which need further study. 
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SUMMARY 

The bade chromosome number of the genus Gtadiolus is 15« 

I>iploi(i) triploid, tetraploid, pentaploid, hexaploid, octoploid, and 
hvpereimeaploid species and hybrids have been found. The majority 
of species are diploid and all of the summer-dowering commercial 
varieties, which were studied are tetraploid. 

The subsection Dracocephali and the European-Asiatic group 
contain most of the polyploids. 

A brief discussion of the possible origin of the tetraploids, in view 
of their parentage, is presented. 

The chromosomes are small and of approximately the same size. 
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EVIDENCE OF VIRUS MUTATION IN THE COMMON . 
MOSAIC OF TOBACCO ‘ 

By H. H. MoKinket 

Senior pathologisi, Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

In a short note (18) ‘ the writer reported that Connecticut-Hayana 
broadleaf tobacco ” plants haying common mosaic dereioped yellow 
spots on a few leav^, as previously illustrated (15), and as shown in 
figure 1, B. These yellow spots were observed regularly on plants 
in the more adviced stages of development, and very irregularly 
on plants when youi^, and then only when the young plants were 
growing at high temperatures.* 

These yellow spots range in size from points just visible to areas 
approximating 1.5 cm‘ on the strain of tobacco used. On Turkish 
tobacco the spots are smaller and have been less consistent in occur- 
rence. The large spots are less frequent, usually are very irregular in 
shape and not so yellow in color as the small spots, though small spots 
are not always completely devoid of chlorophyll. On tUs account 
one cannot be certain from mere observation that mosaic tissue is free 
of very small invisible centers of yellow-mosaic virus. Figure 2 illus- 
trates a typical series of sizes and shapes of the yellow-mosaic spots. 

It was foimd that these yellow spots contain virus which when 
introduced into young tobacco plants induced a large number of 
yellow areas on the young leaves, usually within 4 to 5 days at 
temperatures favorable for tobacco culture. A typical case is illus- 
trated in figure 3, A. It was found that a very severe pure yellow 
mosaic sometimes could be obtained immediately in the inoculated 
plants when the virus was taken from the center of extremely yellow 
areas. When virus was taken from near the maigms of the yeUow 
areas, blends of yellow mosaic and green mosaic developed on many of 
the inoculated plants, and when virus was taken from the green areas 
common mosaic developed in the inoculated plants, but all of these 
plants ultimately developed a few small spots of yellow mosaic. The 
virus of common mosaic was completely removed from the yellow 
mosaic by successive subinoculations from the yeUow-mosaic areas. 
Several leaves with yellow mosaic are illustrated in figure ,!. 
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^ Many collections of mosaic have been studied, and as stated pre- 
viously (IS, 16, 19) all those having the appearance of common 
mosaic on tobacco have shown the presence oi yellow-mosaic spots 
on one or more leaves on all of the inoculated plants. All attempts 
to obtain a common mosaic which does not develop yellow-mosaic 
spots f^ed. 

In view of these facts it was pointed out (16) that the virus of 
common mosaic may mutate. In a later summary (19) the writer 
took the definite position that common green mosaic and the yellow 
mosaic associated with it do not represent an ordinary mixture of 
viruses. No statement was made at that time reading mutation. 
However, common mosaic w^ referred to as a complex because all the 
evidence indicated that this disease on Wisconsin-Havana Seed 
tobacco when cultured under ordinary conditions represmts a com- 
posite or aggregate of at least two types of mosaic — gtoen mosaic 
which predominates and yellow mosaic which occurs ih localized 
zones — and because of the never-failing recurrence of toe yellow- 



Fiottbe 2.^Types of yellow-mosaio spots rapging fjnmt a amall point to a large type in which some chloro- 
phyll is {Eeseht Katoralsise. 

mosaic phase with the green-mosaic phase of the disease in the writer’s 
tests.* 

Dufrenoy (4), working in France, and Jensen (8), in the United 
States, have verified the writer’s findinp that yellow mosaic is 
associated vdth the common mosaic of tobacco. Price (iS) and 
Hoggan (6) have reported a similar phenomenon in cucumber mosaic. 
The writer (16, 18) has pointed out that certain ydlow and green 
mosaics of wheat are closely associated. Jensen (8) and Price (93) 
and Hoggan (6) consider that these associations in tobacco and 
cucumber mosaics do not constitute mixtures of an ordinary type, 
and that the viruses of yeUow-mosaic spots arise in the plant sometime 
after inoculation. 

The present paper deals with several lines of evidence which sup- 
port the view toat the viruses which cause toe yellow-mosaic spots 
arise spontaneously as mutations of the virus of common mosaic, 
and are not the result of mixture or contamination of the ordinary 

* Smith <iM) reports » vims disease rdattooshlp in potato whidb he refers to as a oompkx, hat this seems to 
represttit an ordmary meehanteal mixture of vmiaes. Tliiis» it is seen that the writer used the term oom« 
plex in a diilerent sense. 
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FiQVits 3.—^, symptoms induced by virus from a yellow-mosaic spot; B. symptoms of common 
mosaic ibowing no ytf low-mosaic spots induced by virus from the light- and dark-green areas of common 
mosaic. The new leaves shown in A and the subseQuant leaves produced symptoms of common mosaic 
which were indistinguishable from the symptoms produced by plant B. Both plants produced a few 
yaUow^mosalc spots before maturity. 
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sort running through all collections of common mosaic and through 
all of the many lots and fractions of inoculum used in the experimental 
work. 

MATERIALS, METHODS, AND TERMINOLOGY 

The studies on tobacco were confined to a strain of Wisconsin- 
Havana Seed (Havana No. 38) unless stated otherwise. The seed 
was obtained from successive cuttings from a single plant, and pre- 
cautions were taken to prevent cross-pollination. Tests were carried 
out from time to time with Turkish tobacco, and while this type had 
certain advantages, these were offset by disadvantages not possessed 
by the strain of tobacco used. The studies on Nieotiana glauca R. 
Grab, wwe (wnfined to a strain collected by the writer on the island 
of Teneriffe in the Canary group. N. rvMxca L., N.ghMnosa L., N. 
sylvestris Spegaz. and Comes, and a strain of N. affinis Hort. were 
employed m some of the tests. Seed and young plants of these 
species were supplied by E. E. Clayton and J. E. McMurtrey. 

Unless otherwise stated, the common-mosaic virus used originated 
from material supplied the writer by James Johnson, the eleventh 
source recorded in table 1. Previous to the present studies, dilution 
tests were carried out to determine the power of increase of the virus 
in tobacco. A series of dilutions was made up to 100,000 in water. 
Each of these was inoculated into five young tobacco plants. Soon 
after the appearance of the common-mosaic mottling, virus extract 
was obtained from one plant in the highest dilution series in which 
symptoms were expressed. This extract was again diluted in series 
and inoculated into tobacco plants. This procedure was continued 
through seven dilution tests. Virus was taken from plants inoculated 
with extract diluted 10,000 times in 3 tests, and from plants inocu- 
lated with extract diluted 100,000 times in 4 tests. It was in the 
eighth test that all plants with mosaic were allowed to grow to matu- 
rity, and it was in these plants that the yellow-mosaic spots were 
first noted. 

During these early tests only the common mosdc was in the green- 
house, and in the first seven tests no yellow-mosaic spots appeared on 
the yoimg plants before they were discarded. The virus of common 
mosaic used in all the detailed studies originated from the plants in 
the eighth dilution test and frfim leaves which were free of yellow- 
mosaic spots. Throughout all the work this virus has been guarded 
to prevent contamination from outside sources, and transfers have 
been made from tissue which appeared to be free from yellow-mosaic 
spots, though it is recognized that exceedingly small zones of yellow- 
mosaic virus not detectable are very likely to be present in some of 
these tissues. 

The mild dark-green mosaic * (15) used in the tests was isolated 
from a mixture of mosaics, one of which is a light-green mosaic (com- 
mon mosaic) which in turn develop^ yellow-mosaic spots. The orig- 
inal mixture came from mosaic Nieotiana glauca plants collected by 
the writer in the Canary Islands. The imld dark-green mosaic did 
not devel op yellow-mosaic spots in the tests reported in tiiis paper. 

* Pigment analyses carried out by Peterson (it) show that chlorophyll reduction is less in tobacco plants 
with mild dark-green mosaic than in plants with common mo^c. This reiationsbip is indicated also In 
the appearance of the plants after mild dark-green mosaic has passed through the mild stage referred to in 
an earlier paper (f/f). Common mosaic is comparatively light green in color and was referred to as light* 
green mosaic in another paper (IS). 



Jowtud etf A^rieidtwal Research 


Vol. U. M. U 


m 


However, if plants with this mosaic become reinfected with common 
mosaic, yellow-mosaic s^ts may appear before the presence of com- 
mon mosaic becomes evident. Isolations from such spots have always 
sh6wn the presence of the common-mosaic virus as well as a yellow- 
mosaic virus. 

Purified yellow mosaics, t^e A and type B, briefly described in 
this paper, were also used. The type A yellow mosaic was used in 
most of the tests as it was isolated from the common mosaic also used 
throughout the tests. Viruses of these yellow mosaics are referred 
to as “pure” b^use present methods fail to demonstrate the pres- 
ence of other viruses. In perpetuating these mosaics the virus ex- 
tract was always taken from yellow areas on the leaves, but when 
large quantities of extract were required entire leaves were used. Sev- 
eral other collections of virus were used in the survey tests, but these 
were not employed in the detailed studies. 

The routine inoculations were made by the needle-cotton method 
previously described ( 14 ), imless otherwise stated. 

All plants with common mosaic which were used for the yellow- 
mosaic spot observations were grown to maturity unless the spots 
appeared earlier. In a few cases plants were cut back when yellow- 
mosaic spots did not appear before maturity in order to give an oppor- 
tunity for yellow-mosaic spots to develop on new leaves. This cut- 
ting was done with pruning shears; these and the hands of the oper- 
ator were thoroughly washed in 95-percent alcohol before the pruning 
of each plant. 

Ample uninoculated controls were employed. Pots were sterilized 
with steam before use. Fertile soil was used and a 1-percent cal- 
cium nitrate solution was applied to the plants at intervals during 
the tests. Soil was checked for the presence of virus by close observa- 
tion of the healthy plants. The greenhouses used at Madison, Wis., 
were not screened against insects, but those at the Arlington 'falm 
were screened with 30-mesh copper-wire gauze. Fumigations were 
made at intervals as a safety measure. Plants inoculated with a 
given vmus extract were spaced to prevent their touching plants inocu- 
lated with another virus extract, and in certain studies screen parti- 
tions were used as previously illustrated {15, Jig. 6).. Pots were set 
on low benches or on sterilized boards on the ground. 

During the period of the Allison V. Armour expedition of collection 
(1926-27) {15) many inoculation tests were cam^ out with tobacco 
plants grown in pots on the upper deck of the yacht, while on the 
Atlantic Ocean. In these tests the vector proMem was reduced to a 
tninimiinn . 

The routine temperatures of the greenhouses were near 21° to 24° C. 
in winter unless otherwise stated. During bright days the tempera- 
ture sometimes went higher. In the summer the temperatures were 
slightly above those outdoors. The roof and sides of the greenhouses 
were whitewashed during the spring and summer months. 

In this paper the term “mutation” is used to designate the “break- 
ing-up” characteristic of the virus of common mosaic because the 
evidence to be presented indicates that the new viruses are not con- 
taminants from outside sources and because they represent permanent 
dentures from an establi^ed type. 

The tmms “type” and “strain” are used more or less interchanee- 
ab]^ to designateviruses difiering from each other irrespective of the 



Dee. 1 , M« Virue Mutation in Common Mosaic of Tohaeeo 


967 


degree of differoice. This usage seems to be permissible until l^ere 
is a more complete agreement amoi^ inrestigatorB on points relating 
to the relative importance of virus characteristics and to the usage 
of terms. 

INOCULATION SURVEY OP COLLECTIONS 

Mosaic viruses were obtained from 26 sources and tested on 
Havana Seed tobacco. As indicated in table 1, 23 of these were com* 
mon mosmc or mosaics resembling common mosaic, and 3 were ^s- 
tinctly different from common mosaic. All plants were closely 
observed for the development of yellow-mosaic spots, and it was found 
that, without exception, all plants manifesting common mosaic or a 
mosaic resembling common mosaic developed one or more yellow- 
mosaic spots whi^ were either bright yellow or yellow intermingled 
with green. i 

It was not possible to make isolations from the yellow-mosaic spots 
appearing on each plant, but isolations were made from time to time, 
and without fail, when the spots were large enough to peld sufficient 
virus, yellow mosaics eventually were established. In the case of 
very small spots fre(|[uently there was insufficient virus to induce 
yellow mosaic in the moculated plants. 

Table 1. — Inoculation tcBts with mosaic viruses obtained from different localities and 
laboratories to determine the occurrence of yellow-mosaic spots 


Type of mosaic on 
tobacco 

Locality where 
obtained 

Collaborator or 
collector 

Plant on which 
collected 

Tobacco 

plants 

on 

which 

mosaic 

symp- 

toms 

devel- 

oped 

Plants 

which 

devel- 

oped 

yellow- 

mosaic 

spots 

Places 
where 
tests 
were 
con- 
duct- 
ed * 

Light'green mosaic 
(common mosaic). 
Do-. 

Connecticut 

O. P. Clinton... 

Tobacco 

Number 

10 


A, B 

Florida ^ 

W. B. Tisdale... 

do. 

6 

5 

B 

Do 

Louisiana 

H.H. McKinney 

Tomato 

15 

16 

A,B 

Do 

do 

do 

do 

5 

5 

B 

Do 

Missouri 

B. M. Doggar.. 

Tobacco 

10 

10 

A, B 

Do 

New York 

F. M. Blodgett. 
H. A. Allard.... 

do 

5 

5 

A 

Do 

Virginia 

do 

3 

8 

B 

Do 

do 

do 

do 

3 

8 

B 

Do 

do 

Walter Marcey.. 

Garden pepper.. 

5 

5 

B 

Do 

do 

8. A. Wlngard.. 

Tobacco 

15 

15 

A,B 

Do 

Wisconsin 

James Johnson.. 

do 

4,224 

4,224 

A,B.O 

Do 

do 

' S. P. Doolittle. - 

do 

5 

6 

B 

Do 

Hawaii 

J, Atherton Lee. 

...• .do. ......... 

15 1 

15 

A.B 

b 

Do 

England 

A. J. Rlker. 

do 

10 { 

Wj 

Do 

Island of Tener- 
iffe. 

Island of Grand 

H.H. McKinney. 

Nieotianaglauca^ 

15 

15 

B, 0 

Do- 

do...— — — 1 

.....do.... -i 

10 

10 

B 

Kesembles common 

Canary. 

.-...do.......... 

do.— — — 

.....do. 


5 

B 

mosaic. 

Do 

.....do*... 


.....do.......--- 

5 

5 

B 

Do 

..—.do... -- ... 


..... do. 

10 

10 

B 

Do 

Do 

Do 

do 

.....do.......... 

.....do... 

5 

5 

B 

B 

do 

.do..-— — 

do 

.....do....— .... 

.....do 

.....do. — — 

5 

10 

5 

10 

o 

B 

^ Do 

.....do......— *. 

do— 

do 

5 

5 

B 

Mild dark-green mo- 


.....do.....*.—. 

do.. 

818 

*0 

B 

saic. 

, Do 

Gibraltar 

.....do.......... 

1 

1 

1 

1 

t 

1 

•o 

1 

62 

0 

B 

Mild mosaic- 

Ephrata, Pa.... 

.....do....——. 

Tobacco.. 

871 

*0 

B 









rill ^ that the test was oondooted at Madison, Wls.; Bos^lyn, Vo.; or on 

«^el]ow dw^ted 8 plants with mild darit-tfrsen mosaic and 2 idants with mild mosaic dne to 
aooldantal oontamIsatiQiL 
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Healtiij plants remfoned fires of these ^ts. An occasioiud ease 
of common mosme and of concentrated yellow mosaic did develop out 
of the many thousands of healthy tobacco plants grown for various 
and sundry purposes, but plants used for healthy controls remained 
free of visible evidence of mosaic. 

While all of these collections have not been given intensive study, 
observations indicate that all collections of mosiuc which ordinarily 
pass for common mosaic on tobacco are not identical in their expres- 
sion of symptoms on tobacco or on Nieotiana glauea. One of the 
collections from Virrinia differs slightly in the mosaic pattern, and 
the collection from Hawaii has been characterized by a more pro- 
nounced expression of the yellow-mosaic spots than otner collections. 

Three green mosaics which differ from common mosaic were 
studied on tobacco regularly in the same greenhouses in which the 
studies on common mosaic and concentrated yellow mosaic were 
being conducted. The first mosaic in this group is the mild dark- 
green type. Many of the properties of the virus of this mosaic are 
similar to those oi common mosaic, but it produces no mottling on 
tomato, and all tests indicate that the tomato plant does not cany 
the virus. Mild dark-green mosaic has not developed yellow-inosaic 
spots in the writer’s tests. However, of the 138 cases of this disease 
which were studied, one leaf on one plant was observed to develop a 
^gle small light-green mosaic spot. This spot when isolated and 
inoculated into healthy plants induced a mosaic resembling the mild 
dark-green mosaic, but light-green semitranslucent spots developed 
soon after inoculation and the leaves became very deformed, in 
contrast to the more nearly normal-shaped leaves on plants having 
the mild dark-green mosaic. The rarity of the occurrence of the light- 
green spots on plants with mild dark-green mosaic makes it difficult 
to interpret the origin of this new virus, but it seems reasonable to 
believe they may originate in the same manner as the yellow-mosaic 
spots associated with common mosaic. 

The second mosaic of this group resembles the first, but differs 
somewhat in symptoms. It was collected by the writer on N. glauca 
at Gibraltar (15). It has not shown the presence of yellow-mosaic 
spots. 

The third mosaic of tliis group develops mild mottling throughout 
the life of the plant. It was collected by the writer in a commercial 
tobacco field at Ephrata, Pa. The virus can be maintained for only a 
very short period outside the plant, and it is usually more severe on 
tomatoes than common mosaic^ it induces mosaic on Ambalema to- 
bacco, the variety which Nolla et al. (W) found to be resistant to 
common mosaic. This mild mosaic has not developed local spots of 
yeUow mosaic on Wisconsin-Havana Seed tobacco. 

These tests suggest that the yellow-mosaic spots are universally 
as^ciated with common mosaic of tobacco when test conditions are 
suitable, and they indicate that these spots are not expressed by cer- 
tain other mosaics, at least under conditions favoring their expression 
in common mosaic. 
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ATTEMPTS TO REMOVE PERMANENTLY ALL TRACES OF YELLOW 
MOSAIC PROM COMMON MOSAIC 


TESTS ON TOBACCO WITH VmTJB 8CBJECTED TO DIPtmONS AND 
PHYSICAL AND CHEMICAL TBEATMENTS 


TO DIPPERBNT 


Tests have indicated that there is not a great deal of difference 
between <he virus of type A yellow mosaic and the virus of common 
mosaic with respect to dilution in water. The data in table 2 in^- 
cate jiractically no difference, but in the course of manv incidental 
tests it has been observed that the virus of type A yellow mosaic 
sometimes fails to induce mosaic in all the inoculated tobacco plants 
when the virus extract is diluted 1,000 times in water, whereas the 
virus of common mosaic when diluted 1,000 times has always induced 
mosaic in all of the inoculated tobacco plants. 

When fresh extracts containing these viruses were mixed in equal 
parts the symptoms on inoculated tobacco plants were a blend be- 
tween those 01 common and those of yellow mosaic, the tissues that 
showed the green or coi^on mosaic being in excess of those that 
showed the yellow mosaic. Mixtures of inoculum wMch contained 
the small amounte of the virus extract of yellow mosaic induced less 
yellow mosaic th^ mixtures which contained the larger amounts. 
It will be noted in table 3 that the extracts which contained the 
smaller proportions of yellow-mosaic virus did not induce blends in 
all of the plants in a given series. Most of the plants developed only 
common mosaic during the first few weeks after inoculation, followM 
by a few of the yellow-mosaic spots characteristic of common mosaic. 
Mixtures containing 99 or more parts of type A yellow-mosaic extract 
to 1 part of common-mosaic extract developed mtense yellow mosaic 
soon after inoculation, and the symptoms were like those of the plants 
which were inoculated with the pure virus of yellow mosaic. As these 
plants continued their growth common mosaic gradually dominated 
the new tissues, as indicated in table 4. 


Tablb 2. — Comparative responaes of the virus of common mosaic and the virus of type A ydlow mosaic to dilution with watcTf and the number^ 
leaves showing yeUovhrnosaic spots on plants with common mosaic^ and the approximate size of these spots on each leaf 
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Tabus 3. — Types of symptoms produced on tobacco when inoculated with synthetic 
mixtures of pirus extracts of common mosaic and of type A yellow mosaic and with 
each virm aeparaiely 

flnocolatlons made June 22^ 1027; 5 plants inoculated with each extract] 


Parts oi virus ex- 
tracts used in the 
mixtures 


Virus ex- 
tract of 
common 
mosaic 


Virus ex- 
tract of 
yellow 
mosaic 


Notes taken July 8 


Notes taken July 26 


Notes taken Aug. 8 


1 

999 

499 

99 


1 

1 

1 

1 

0 


0 5 plants common mosaic. J 


1 5 plants common mosaic, 

but 1 plant had yellow- 
mosaic spots. 

1 5 plants common mosaic, 

hut 2 plants hadyellow- 
mosaic spots. 

1 .'do - 


1 5 plants common and 

yellow mosaic, but 
common mosaic pre- 
dominated. 

99 5 plants had symptoms 

of yellow mosaic only. 
Looked like yellow- 
mosaic control. 

499 do 


5 plants had common 

mosaic, 1 to 3 yellow- 
mosaic spots on each 
plant. 

New leaves on 5 plants 
had common mosaic 
with 1 or 2 yellow- 

mosaic spots per plant. 

New leaves on 5 plants 
had common mosaic 
with 1 to 3 yellow- 

mosaic spots per plant. 

New leaves on 6 plants 
bad common mosaic 
with 1 to 4 yellow- 

mosaic spots on each 
plant. 

5 plants had many yellow- 
mosaic spots on new 
leaves, but common 
mosaic predominated 

5 plants had severe yellow 
mosaic, but more neen 
tissue than yellow - 
mosaic control. 

5 plants looked like the 
yellow-mosaic controls. 


999 


.do. 


.do. 


1 


5 plants had symptoms 5 plants had symptoms of 
of yellow mosaic only, pure yellow mosaic. 


5 plants had common 
mosaic, with 1 to 4 
yellow-mosaic spots on 
each plant. 

New leaves on 6 plants had 
common mosalo with i 
to 3 yellow-mosaic spots 
per plant. 

New leaves on 5 plants had 
common mosaic with 1 
to 4 yellow-mosaic siK)ts 
I)er plant. 

Uo. 


New leaves on 5 plants had 
common mosaic with 1 
or 2 yellow-mosaic spots 
per plant. 

Do. 


All 5 plants had much 
yellow mosaic, but com- 
mon mosaic was showing 
in top leaves of 5 plants. 

All plants had much yellow 
mosaic, but common 
mosaic was showing in 
top leaves of 4 plants. 

5 plants had symptoms of 
pure yellow mosaic in all 
of the leaves. 


i 


Table 4. — Progressive change in type of symptoms on tobacco leaves as the plants 

developed 

■V 

Observations were made on each plant which was inoculated with the virus mixture containing 1 part of ex- 
tract of common mosaic and 99 parts of extract of type A yellow mosaic In the experiment cited in table 3. 
Notes were taken Aug. 8. Leaf numbers start with the first leaf to show symptoms after inoculation] 


Leaf numbers in each symptom group on each plant 


Type of symptoms on leaves : 

Plant 1 

Plant 2 

Plant 3 

Plant 4 

Plant 6 

Dead; originally all yellow mosaic — 

1-5 

1-4 

1-6 

1-6 

1-4 

Entirely yollow mosaic.. 

6-13 

5-16 

6-13 

6-13 

6-11 

Blends of common mosaic and yellow moeaic. 

14-20 

17-22 

14-21 

14-19 

12-16 

Common mosalo with the occasional yellow-mosaic 
spots 

21-27 

23-26 

22-28 

20-28 

17-27 







In an earlier paper (15) it was pointed out that tobacco plants 
having common mosaic show no changes in symptoms afto being 
reinoculated with the pure undiluted virus of yeflow mosmc. The 
same results have been obtained with all the yellow mosaics which 
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tlie writer has isolated from tobacco and tested against common 
mosaic. Thung (S7) later reported similar observations, and he 
reports that tobacco plants havmg the yellow or "white” mosaic show 
no change in symptoms when reinoculated with the virus of common 
mosaic. The writer’s results are not in accord with those of Thung 
on this point. When plants with ^pe A yellow mosaic growing at 
temperatures of about 21° to 24° C. were reinoculated with a fresh 
undiluted virus extract of common mosaic, from 6 to 20 of the sub- 
sequent leaves exhibited yellow mosaic, the characteristic green 
mottling of common mosaic then gradually appeared, and from 8 to 
25 leaves developed blended symptoms, the green mottling of common 
mosaic gradually gaining in proportion to the yellow. The subse- 
quent leaves exhibited the charecteristic mottling and the occasional 
small yellow-mosaic spots typical of common mosaic. Virus from 
light- and dark-green mottled portions of these leaves induced com- 
mon mosaic when inoculated into healthy tobacco plants. When the 
stems of mature plants were cut back leaving only the portions which 
had developed the yellow-mosaic leaves prior to the reinoculation, it 
was found that the buds produced branches which developed typical 
common mosaic. Yellow-mosaic control plants which were not rein- 
oculated exhibited typical yellow mosaic tlrroughout the test, and the 
lower side shoots developed typical yellow mosaic when the stems were 
cut back. Thung may have discarded his test plants too soon; also 
it is possible that his method, his viruses, his tobacco, or the environ- 
ment may account for his negative results. 

From the results presented in the foregoii^ paragraphs, it seems 
reasonable to conclude that the virus of yellow mosaic either is not 
present in ayaUable form in tissues showing only the common green 
mosaic or if it is present the number of virus particles is considerably 
smaller than the number of particles of common-mosaic virus. 
Therefore, on diluting a virus extract obtained from leaves showing 
only the common green mosaic, a point should be reached where the 
number of particles of the yellow-mosaic virus would be nil or too 
small ,to produce infection, but where there would be a sufficient 
number of particles of the other virus to induce infection. On the 
basis of random assortment, a high percentage or all of the infected 
plants resulting from such a dilute virus shomd develop the common 
green mosaic free from yellow-mosaic spots. 

Dilution tests were carried out and the plants were held for close 
observation tbreughout the entire life (ycle. Plants which developed 
common mosaic also developed yellow-mosaic spots, and there was no 
essential difference in the relative time of their appearance or in the 
rwge in number or size of the spots produced on plants inoculated 
with dilute virus as compared with plants inoculated with concen- 
trated virus. The results of a typical test are shown in table 2. 
These results were unexpected, for it was thought that the virus of 
yeUow mosaic could be readily eliminated from the virus of common 
mosaic. The phenomenon appeared to represent some unusual type 
of nature or a mutation of the common-mosaic virus. With tlrese 
possibilities in mind further tests were carried out. 

It was found that dilute virus of common mosaic was inactivated 
at slightly lower temperatures than concentrated virus {IS, SS). 
Acooidin^y extracts were diluted 1,000 tunes in water and treated 
for 10 mmutes at temp^atures ranging from 85° to 90° C. All the 
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inoculated pi an ts that developed qrmptoms, first expressed the green 
mottling typical of common mosaic, which was indistinguiBhable ^m 
the i^nnptoms in plants inoculated with the undiluted unheated virus. 
As the ^ants developed, the typical yellow-mosaic spots appeared on 
from 1 to 6 leaves on each plant, and the symptoms in the plants 
inoculated with the heated virus were essentially indistinguishabk 
from those in the plants inoculated with the unheated virus. 

In vi4w of the previous results it seemed strange &at these treat- 
ments failed to eliminate the yellow-mosaic virus if it represented a 
mixture. Accordinglv, especial attention was given to methods for 
preventing the possible accidental contamination of the experimental 
materials. 

As the studies processed and it was found that the purified mild 
dark-green inosmc collected in the Canary Islands failm to manifest 
yellow-mosaic spots, it became evident that this mosaic might prove 
of value in toting for the separation of yellow-mosaic virus from it in 
synthetic mixtures. When these viruses were blended in different 
proportions the plants inoculated with mixtures containing large pro- 
portions of virus of yellow mosaic developed only the symptoms typ- 
ical of pure yellow mosaic. When the proportions of virus of mild 
dark-green mosaic were increased some of the inoculated plants 
developed oiUy yellow mosaic, some expressed blended symptoms 
followed by intense yellow mosaic, and some showed symptoms of 
mild dark-green mosaic with no signs of yellow mosaic. The results 
of two tests with mixtures including type A yellow-mosaic virus are 
presented in table 5. 

Table 5. — Types of symptoms expressed by tobacco plants inocvXated with synthetic 
mixtures of virus extracts of mild dark-^reen mosaic and type A yellow mosaic^ and 
with each virus separately ^ 

TEST 1 



Plant no. 

GM i 
only 

1 part 
CJM, 
ipart 
YM 

9 parts 
GM, 

1 part 
YM 

99 parts 

cfti, 

1 part 1 
YM 

499 parts 
GM, 
ipart 
YM 

999 parts 
GM, 

W 

YM 

only 

1 

G 

Y 

y 

Y 

GY 

Y 

Y 

2 

G 

Y 

y 

GY 

GY 

GY 

Y 

3 

G 

Y 

GY 

GY 

GY 

GY 

Y 

4 

G 

Y 

GY 

! GY 

GY 

GY 

Y 

6 

G 

Y 

GY 

GY 

OY 

G 

Y 


1 GM and YM in the box beads indicate virus extract from mild dark-«reen mosaic and from yellow 
mosaiOi respectively. O and Y in the columns indicate the symptoms of mild dtfk<«reen and of yellow 
mosaio. respectively, in the plants that were inoculated with the vl^ xnixtures or ^th pure viruses as ih* 
dicated. 1a the case of all plants that develop the symptoms of both mosaics, the symptoms of green 
mosaic eventually were lost and only the ydlow mosaic was expressed by the new leaves. 
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Healthy tobacco plants and tomato ^ants were inoculated mtH 
virus obtained from plant no. 5 in table 5, test 2. which had been 
inoculated with 999 parts of extract from nmd darkfgireen mosaic to 
1 part of exfract from yeQow mosaic. Tomatoes are not susceptible 
to this green mosaic, but are very susceptible to type A y^ow mosaic. 
The tomato plants remained free of mosaic and the tobacco plants 
developed mud dark-green mosaic with no signs of yellow-mosaic 
^ts. 

It was pointed out in another paper (id) that plants with mild 
' dark-green mosaic when reinoculated with the virus of yellow mosaic 
ultimately developed yellow mosaic on the new foliage, the reverse of 
the situation in common mosaic. Blended symptoms developed first, 
followed later by yellow mosaic which crowded out the mild dark- 
CTeen mosaic. Plants showine the blended stage in the symptoms 
frequently produced leaves wim rather large areas which were devoid 
of yellow-mosaic spots. Such areas were used to supply virus for 
inoculating healthy tobacco plants. In one test five healthy plants 
were inoculated with imdiluted extract from such tissue and ^ plants 
developed ydlow mosaic. The same extract was diluted to 1,000 
times its ori^al volume in sterile distilled water and used to inocu- 
late five h^iliy tobacco plants. Each plant developed mild dark- 
green mosaic and each was free from yellow-mosaic spots throi^hout 
the life cycle. 

When the virus of type B yellow mosaic was mixed with the virus of 
mild dark-green mosaic in the proportion of 1 part to 99 parts, only 
1 plant of the 10 inoculated developed mild dark-green mosaic and 
showed no trace of yellow mosaic. The results of this test are pre- 
sented in table 6. 


Table 6, — Exjjression of green mosaic^ yellow mosaic^ or blende of the two^ by io^ 
hacco plants inoculated with synthetic mixtures of virus extracts of mild dark-green 
mosaic and type B yellow mosaic and with each virus separately ^ 


Plant no. 

GM 

only 

99 parts 
OM, 

1 part 
YM 

249 parts 
GM, 

1 part 
YM 

YM 

only 

Plant no. 

GM 

only 

99part8 

GM, 

W 

249 parts 
GM, 

1 part 
Y^M 

YM 

only 

1 

G 

GY 

gy 

Y 

« - 


GY 

GY 


'wHPPPPPHP 

G 

GY 

GY 

Y 

7 

j 

GY 

GY 



G 

i GY 

GY 

Y 

R _ 


GY 

GY 



G 

1 GY 

GY 

Y 

9 


GY 

GY 



G 

GY 

GY 

Y 

10. 


o 

1 GY 


■hmBH 












1 GM and YM in the box heads IndicMite virus extract from mild dark-green mosaic and from yellow 
mosaic, respectively, in the Inoculum. Q and Y In the columns indicate the symptoms of mild dark-green 
and of yellow mosaic, respectively, in the plants that were inoculated with the virus mixtures or with pure 
viruses as indicated. In the case of all plants that developed the symptoms of both mosaics, the symptoms 
of green mosaic eventually were lost and only the yellow mosaic was expressed by the new leaves. 

The results obtained with the mixtures of mild dark-green mosaic 
and the yellow mosaics are in accord with the results espected from 
ordinary mixtxures or contaminations in which an indepenaent random 
distribution of the units or particles occurs. The fact that yellow 
mosaics could be eliminated from the mild dark-green mosaic without 
resorting to extremely high dilutions or special treatments, but could 
not be eliminated from the diluted virus of common mosaic, is a 
strong indication that the virus of the yellow-mosaic spots does not 
constitute an ordinary contamination from an outside source, but 
arises in the plant after the onset of common mosaic. 
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WMb tiiese tests strongly suggested that the virus of yellow 
m<^e represented a mutant, it seemed advisable to give considera* 
tion to tile hypothesis that this virus has an inactive stage caused 
by adsorption or some other phenomenon, and that the yellow- 
mosaic spots develop when something happ^ to activate the yirus. 
If this hypotiiesis is correct, in accordance with the theory of random 
sampling from a mass in which there is independent random distribu- 
tion, the dilution tests should have eliminated the inactive forms, 
at least in a few of the plants, which would result in some cases or 
common mosaic without the yellow spots, unless the inactive par- 
ticles are always greatiy in excess of those of the common-mosaic 
virus. If this is true the dilution studies again should supply the 
evidence. 

With dilutions of common mosaic of 50,000 to 100,000 times, some 
of the many plants which show no common mosaic should have 
developed late signs of yellow mosaic as a result of inactive yellow- 
mosaic particl^ which survived these dilutions, such particles later 
becoming active and producing infection. Yellow-mosaic spots 
such as are associated with common mosaic probably would not 
occur on these -plants since the suppressing influence of the common 
green-mosaic virus would be absent. The yeUow-mosaic symptoms 
m such plants should be comparable to those which develop when 
healthy plants are inoculated with pure virus of this mosaic. Of the 
many plants observed throughout the dilution studies, no such case 
has ever occiured. These results seemed to give satisfjactory grounds 
for rejecting the hypothesis advanced in the preceding paragraph, 
but further tests were carried out to determine whether some treat- 
ment of the virus of common mosaic in vitro might shed light on the 
possibility that some type of dissociation phenomenon was operating. 
If such were the case striking blends of yellow and green mosaic, pure 
green mosaic, and pure yellow mosaic should occur in a population 
of plants inoculated with virus given certain treatments. 

Extracts were obtained from leaves showii^' conunon mosaic 
without the yellow-mosaic spots. These extracts, in diluted and in 
undiluted form, were subjected to high temperatures (85® to 90° C.), 
to subfreezing, and to ultraviolet rays. Extracts were fQtered and 
also treated with several concentrations of acid, alki^, acetone, and 
ethyl alcohol, ^me oi. the extracts were first purifi^ to a point 
where only slight traces of the original extraneous solids, salts, and 
soluble pigments were present in a water suspension of the virus. 
In all cases of common mosaic which residted from virus receivii^ 
these treatments, the delayed expression of a few small y^ow-mosaic 
spots occiured, no plants developed pure yellow mosaic, and none 
developed yellow-mosaic spots without the conmon mosaic. While 
many other tests might have been devised, it seemed useless to 
cany such methods any farther. None of the results presented point 
to tne view that the virus of yellow mosaic is in an active or m an 
inactive form in each and every experimental extract of common- 
mosaic virus used as inoculum in the tests, but rather they favor the 
view that the yellow-mosaic virus aiises s^ntaneously as a mutant. 

Another line of evidence against the mi^ure theory is found in the 
results presented in table 3 and on page 962. It will be recafied that 
these results indicate that the viruses of type A ydlow mosaic and m. 
common mosaic are not mutually compauble in tobacco. The virus 
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of Mnunon mosaic is the more aggressive, as it gradiially^ suppresses 
or inhibits the virus of jrellow mosaic which is introduced in synthetic 
mixtures. This inhibiting charaoterktic is taken up further in the 
final discussion on acquired immunity, and while the phffliomenon 
k not fully understoodj it seems quite clear that it militates against 
or prevents the indefinite survival of the yellow-mosaic viruses thus 
far tested which were introduced experimentally into the virus of 
common mosaic. All available evidence obtained at temperatures 
near 21° to 24° C. indicates that unless there k a considerable quantity 
of yellow-mosaic virus present with the virus of common mosaic in 
an inoculum, the inoculated plants express B 3 nnptoin 8 of common 
mosaic which are indkting^hable from the symptoms expressed by 
the controk inoculated with the purest virus of common mosaic 
available (table 8). If there k sufficient virus of yellow mosaic in such 
a mixture to induce mild signs of yellow mosaic, these signs appear 
before, or simultaneously with, the first signs of common mosaic, but 
the sublequeifl leaves manifest symptoms like the controk, i. e., 
light- and dark-green mottling with occasional yellow-mosaic spots. 

The inhibiting characteristic of the common-mosaic virus is regarded 
as one of the strongest bits of evidence in support of the view that the 
occasional yellow-mosaic spots winch are persktently associated with 
common mosaic under the conditions of the writer’s tests result not 
from virus introduced as a contaminant from the outside but from 
virus which originates as a mutant in the tissues involved in the spots. 
In fact, the results of all the tests presented thus far seem to support 
thk view. 

TESTS WITH A DIFFEBENTIAL PLANT WHICH DEVELOPS SYSTEMIC INFECTION 

It has been known for some time that certain viruses can be sepa- 
rated from mixtures by means of plants which are resktant to one 
virus but not to another. In these studies it was found that a strain 
of Nieotiana glavm served as a differential plant for the viruses of type 
A yellow mosaic and common mosaic in a rather unique manner at 
temperatures from about 21° to 24° C. in the greenhouse. When 
inoculated with these viruses the plants rarely developed symptoms 
of mosaic. When symptoms ffid develop they were very mild, and 
in the case of the yellow mosaic a few nuld yellow spots occurred on 
1 or 2 leaves only near the point of inoculation, the new leaves remain- 
ing mosaic-free. 

It was found that a very high percentage of the Nieotiana glauca 
plants which were inoculated with the common-mosaic virus were 
carriers of thk virus throughout their life, even though the plants 
manifested no visible signs of mosaic. Alkrd (i) reported similar 
results with N. gUmea and common mosaic. In contrast with these 
results, it was found that none of the N. gkmca plants which had been 
inoculated with the virus of type A yellow mosaic carried the virus 
of that mosaic in mosaic-free leaves which developed after inoculation. 
Thirty-five N. gUmsa plants were inoculated with the virus of type A 
yellow mosaic and tested in thk manner, and all the tobacco plants 
subinoculated from them remained free of all signs of mosaic. The 
results of a single experiment showing the differential relationship 
between the viruses of common mosfuc and the yeUow mosaic on. 
N. ‘^uea are given in table 7. 
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TABiiS 7 . — Behador of Nicotiana glauca plants when inoculated ivith virus of 
common mosaic in contrast with plants inoculated with virus of type A yellow 
mosaic, and the presence or absence of virus in the extracts from upper leaves of 
each N, glauca jnant as shown by inocvdating the extracts into tobacco plants 


Plant no. 


Vlras of common mosaic used 


Virus of type A 


yellow mosaic usedf 


Presence 
or absence 
of mosaic 
on each 
N.gkiuca 
plant 


Presence or absence of 
virus in each N. 
gUiwea plant as evi- 
denced by plants in- 
oculated with extracts 
from the upper leaves 
of each Iv. glauca 
plant 06 and 266 days 
after the inoculation 
of the latter * 


Plant no. 


Presence 
or absence 
of mosaic 
on each 
N, glauca 
plant 


Presence or absence of 
virus in each N. 
glauca mant as evi- 
denced oy plants in- 
oculated with extracts 
from the upper leaves 
of each Jv. glauca 
plant 06 and 266 days 
after the inoculation 
of the latter ^ 


1 ,. 

2 .. 

8-. 

6 .. 
6 ,. 
7-. 
8 ,. 
0 . 
10 . 


06 days 


266 days * 





+ 

+ 

+ 

+ 

-f 

4- 

+ 



06 days 


266 days * 



1 Extracts were obtained from nearly full-siced leaves near the top of each plant of N. glauca. 

* Ail plants of N. glauca were cut back and new shoots were allowed to develop and supply the extracts 
used in the second test on tobacco. 

3 From 1 to 6 small yellow-mosaic spots eventually appeared on each tobacco plant that developed com 
mon mosaic. 

< 1 small yellow-mosaic spot appeared on 1 leaf slightly above the point of inoculation. 


In another test a mixed extract obtained from equal parts of com- 
mon mosaic and ty^e A yellow-mosaic leaf tissues from tobacco was 
inoculated into a Nieotiana glauca plant. Small yellow-mosaic spots 
and yellowisb-green spots developed on one leaf, but no other symp- 
toms appeared on the plant. Tnirty-five days after this plant was 
inoctilated five healthy tobacco plants were inoculated with a virus 
extract from these spots. All of the tobacco plants developed yellow 
mosaic. At the same time an extract was obtained from mosaic- 
free leaves above the leaf with yellow-mosaic spots. This virus 
extract was inoculated into five healthy tobacco plants, all of which 
developed only common mosaic. No blends with yellow mosaic 
occurred, but before the plants were mature a few of the characteristic 
yellow-mosaic spots developed on each of them. A similar experiment 
was carried out with a mixture of the viruses of type A yellow mosaic 
and toe mild dark-green mosaic. Symj^ms of toe mild dark-^een 
mosaic appeared on all the plants. The healthy tobacco jdanto 
which were finally inoculated with virus from the upper leaves of 
these N. glauca plants developed only the mild dark-green mosaic; no 
yellow mosaic developed on any of them. 

These results show that the virus of type A yellow mosaic was local 
in toe stoain of Nieotiana glauca used when it was grown under toe 
conditions of toe tests, and that leaves above this local remon served 
a {wsitive filterlike function against toe virus of toe yellow mosaic 
which was introduced in toe inoculum. It will be notod in table 7 
that all of toe tobacco plants which were inoculated with the com- 
mon-mosaic virus tetoen from N. glauca developed common mosaic. 

40690—86 2 
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Before matiiritj from 2 to 5 small yellow-^mosaic spots appeared on 
each of the plants having common mosaic. Since no virus of yellow 
mosaic wm recovered from the upper leaves of N. glwuea plants whidti 
had been inoculated with virus of type A yellow mosaic, it is concluded 
that any virus of tyi^ A yellow mosaic which might by chance have 
been present in the inoculum of common mosaic used to inoculate 
N. glauea, did not reach the upper leaves of these plants. Therefore, 
since the few yellow-mosaic spots were delayed in their appearance 
on each tobacco plant, it is concluded further that the virus which 
induced the yellow-mosaic spots in the test tobacco plants originated 
in the tissue of these spots. These results are^ in agreement with 
those obtained by other methods in that they indicate virus mutation 
in common mosaic. 

VIRUS ISOIATIONS FROM LOCAL NECROTIC LESIONS AND PREUHINARY STUDIES 
ON THE LESION TECHNIQUE 

The necrotic-lesion technique devised by Holmes (5) was used to 
throw additional light on the problem of virus mutation, and the 
results were reported briefly in an earlier r6sum4 {19). 

Holmes (6) su^ested that necrotic lesions might be analogous to 
the colonies of bacteria obtained in the plating and purifying tech- 
nique. Accordingly the writer used the method to determine the 
possibility of reclauning the virus of mild dark-green mosaic from 
S 3 mthetic mixtures with the virus of type A yellow mosaic. This was 
done as a preliminary step as it seemed reasonable to believe the method 
could be applied to other viruses if satisfactory results were obtained. 

Leaves of Nieotima glviinosa were removed from the plants, wiped 
with virus extract, and thoroughly rinsed with sterile distilled water. 
The leaves were then placed in a previously sterilized covered dish and 
kept in a humid atmosphere at about 22° C. until the necrotic lesions 
devdoped, great care being taken to maintmn aseptic conditions, so 
far as foreign viruses were concerned, during the whole procedure. 
The leaions were examined imder a lens in order to discard any cases 
in which incipient lesions might be close to the typical lesions. 
Lesions sufficiently separated were carefully removed by means of 
a small sharp dissecting spear, and each lesion was macerated and 
pushed into the junction point of a petiole and stem of a mosaic-free 
tobacco plant. 

Nineteen lesions were selected at random from leaves wiped with 
the above-mentioned mixture of viruses. Each lesion was used to 
inoculate a smgle tobacco plant. Two of these plants developed 
yellow mosaic, 6 developed typical nffid dark-green mosaic with no 
sighs of yellow mosaic, and the remaining 11 were mosaic-free. Since 
the virus of mild dark-green mosaic was recovered free from the virus 
of yellow mosaic, it was concluded that this metiiod serves to separate 
mixed viruses. 

Another test was carried out with the virus of common mosaic. 
This extract was obtained from tobacco leaves showing no signs of 
yellow-mosaic spots. It was diluted in water to reduce the number 
of lesions and used to wipe the leaves removed from Nicotiana rustiea 
hnd N, glutinom plants. One hundred and twenty-seven lesions 
were isolated from these leaves and inoculated separately into tiie 
same number of youiig tobacco plants. Of these plants, 120 developed 
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typical common mosaic, and typical yeUow-mosaic spots eventually 
made their appearance on e&ch plant. The 7 mosaic-free plants 
remained so during the test. The appearance of the yellovr-mostdc 
spots was delayed, and 1 to 3 spots appeared on each plant as is 
usual in common mosaic at moderate growing temperatures. 

As in all previous tests, the results obtain^ with the local-lesion 
technique^indicate that the virus of the yellow-mosaic spots does not 
represent a contamination from outside sources which is carried along 
in ail inoculation extracts of common mosaic, and they support the 
idea of virus mutation. This conclusion is based on the successful 
separation of the virus of mild dark-green mosaic from the virus of 
yellow mosaic, and not on the assumption that necrotic lesions are 
mcited by single virus particles. 

This paper deals primarily with the problem of virus mutation and 
not with tne necrotic-lesion technique. However, since this method 
is used in virus-mutation studies, it seems permissible to dmess 
from the main subject long enough to discuss certain aspects of this 
technique. 

It has been considered {8, 10, SS) that the local lesions rarely con- 
tain more than one type of virus when mixed viruses are used to wipe 
the leaves of suitable species, and it is inferred that the lesions are 
induced for the most part by single virus particles. So far as the 
writer ^ows, no data have been presented which make it possible to 
pass fair judgment on this point. Mixed extracts containing the 
viruses of common mosaic and yellow mosaic have been used to wipe 
leaves of species which produce local necrotic lesions. The resulting 
necrotic lesions have been isolated and each has been inoculated into 
a single tobacco plant, with the result that the infected plants devel- 
oped either yellow mosaic or common mosaic, but rarely blended 
symptoms of both diseases. On this basis it has been considered that 
necrotic lesions are rarely incited by more than a single virus particle. 

This method of determining llie presence of type A yellow-mosaic 
virus in a lesion which also contains the virus of common mosaic is 
of questionable value for the reason that all the evidence indicates 
that the virus of common mosaic is more ag^essive than that of type 
A yellow mosaic. It is admitted that this evidence was obtained 
from systemic symptoms, but xmtil otherwise shown, it is reason- 
able to suppose that thopsame aggressive relationship obtains in 
lesions. 

The data presented in table 3 rather clearly indicates that tl^ 
aggressive characteristic prevented the expre^on of yellow-mosaic 
symptoms in many tobacco plants which were inoculated with yellow- 
mosaic virus extract that had been <^uted 100, 500, and 1,000 
times in virus extract of common mosaic. All the plants that were 
inoculated with mixtures containing the virus extract of yellow mosaic 
in quantities greater than the virus extract of common mo^c first 
devdoped the symptoms of pure ydlow mosaic, and these. persisted for 
some time. During this period the experimenter would eenclude that 
these plants had received no virus of cominon mosaic m '^e moctdhm, 
and if the plants had been discarded during this period it is evident 
from the tables that this conclusion would be erroneous. On long 
standing, each of these plants eventually gave the true story. ^ Even 
though the quantity of common-mosaic virus was smaller in the 
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)»eginiuiig, ita aggressive and suppressive characteristics made possible 
the manifestation of common mosaic before the plants were mature. 

The tests cited in tables 3 and 4 were made some time before the 
local-lesion method was developed. However, after Kunkel (11) 
reported that Nieotiana sylmstna developed necrotic lesions when 
inociilated with virus of aucuba mosaic (a yellow mosaic), but systemic 
symptoms when inoculated with the virus of common mosaic, the 
following tests were carried out. These tests were made to determine 
further the possibility of getting a satisfactory assay for yellow- 
mosaic virus m mixtures with the virus of common mosaic when using 
tobacco as the test plant. 

Fresh extracts were obtained from actively growing leaves on 
tobacco plants with type A yellow mosaic and also from plants with 
common mosaic. These extracts were mixed in the proportion of 1 
part to 99 parts and 1 part to 999 parts, respectively. In addition, 
there were controls in which water was used to dilute the virus of 
yellow mosaic. Each of these extracts, including the undiluted ex- 
tracts, was used to inoculate 10 healthy tobacco plants by the needle- 
cotton method described previously ( 14 ), to inoculate 10 healthy 
tobacco plants by wiping 1 medium-sized leaf on each plant, and to 
wipe 10 or more leaves on Nieotiana aylvestris plants. The total leaf 
area wiped in a riven set of 10 tobacco plants was estimated to be 
about equal to febe total leaf area wiped on the N. sylveatria plant 
inoculated with the corresponding extract. The leaf area wiped on 
each plant of N. aylveatria averaged approximately 1,000 cm*. The 
leaves of N. aylveatria were wiped after the tobacco plants were inocu- 
lated. 


The tests on Nieotiana aylveatria (table 8) show that virus of yellow 
mosaic was potent in the mixtures with common-mosaic virus which 
were inoculated into the tobacco plants, and the tests on tobacco with 
the yellow-mosaic virus which was diluted in water show a high per- 
centage of infection. It will be observed further that no striking case 
of yeflow mosaic appeared in any of the tobacco plants inoculated 
with the extracts containing the viruses of both mosaics. A few 
plants showed yellow-mosaic spots on one or more of the first leaves. 
The great majority of plants developed common mosaic which was 
indistinguishable from that in the common-mosaic controls. Dilu- 
tions of 100 and 1,000 are not great, yet these tests demonstrated that 
it was not possible by the systemic-symptom method alone to obtain 
an adequate test for the yellow 7 mosaic virus which was present in 
appreciable amounts with the virus of common mosaic. However, 


subsequent tests have shown that type A yellow-mosaic virus which 
was present in similar plants with common mosaic was detectable by 
means of necrotic lesions on the leaves of N. aylveatria which had been 
wiped with the extracts from such plants. 

Eunkel (10) used Nieotiana aylveatria as a test plant for viruses from 
lesions produced on leaves of N. langador^i Sdirank., which had been 
punctured with needles carrying mixed vmuses of common mosaic jtlbl 
aucuba mosaic. No data were presented, but from these tests he 
concluded that except in a small percentage of cases the l^ions 
resulted from a angle unit of virus. His use of the term_ “unit " is not 
defined, but one is left to infer that it signifies one particle and not a 
minimum dose, which might include several particles. 
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Tabus 8. — ReavUa of H tesla iUuatraling the uncertainty of determining virus 
mixtures of common mosaic and type A yellow mosaic at 91° to C. 


Parts of virus extract or 
water used in preparing 
the mixtures 


Water 


Extract 
of com- 
mon 
mosaic 


Extract 
of yellow 
mosaic 


Method 
used for 
making 
assays 


Notes on tobacco 


plants based on observations made during the 
nrst 30 days after inoculation 


0 

W 


0 


0 

0 

999 

0 

0 


0 

0 

99 

1 

0 

0 

999 

1 


A. 
B- 
C- 
A- 

B. 

C. 
A. 


B. 


10 tobacco plants had yellow mosaic. 

Do. 

2.91 necrotic lesions per cm> of leaf surface on Niectiana tylvetUris. 
10 tobacco plants had yellow mosaic. 

Do. 

0.117 necrotic lesions per cm* of leaf surface on N. tylveatrh. 

0 tobacco plants had common mosaic only: 4 tobacco plants had 
common mosaic predominating, but yellow-mosaic spots ap- 
peared on from 1 to 4 of the first leaves to show mottling. 

6 tobacco plants had common mo.saic only; 4 tobacco plants had 
common mosaic predominating, but yellow-mosaic spots at)- 
peered on from 1 to 3 of the first leaves to show mottling. 

0.090 necrotic lesions per cm* of leaf surface on N. syfveitrig. 

10 tobacco plants had common mosaic. 

Do. 

No necrotic lesions on leaf surface of N. sytvestrU. 

10 tobacco plants had yellow mosaic. 

Do. 

1.03 necrotic lesions per cm* of leaf surface on N. sylmtrii. 

6 tobacco plants had yellow mosaic; 4 tobacco plants mosaic-free. 
10 tobacco plants had yellow mosaic. 

0.014 necrotic lesions per cm* of leaf surface on N. syhestris. 

10 tobacco plants had common mosaic. 

10 tobacco plants had common mosaic, but 1 plant had 1 yellow- 
green spot on the second leaf which developed common mosaic. 
0.022 necrotic lesions per cm* of leaf surface on N. sytveitris, 

10 tobacco plants had common mosaic. 

Do. 

0.006 necrotic lesions per cm* of leaf surface on N. sylveHrisA 


1 3 methods of testing were used as indicated by the roman letters as follows: A. Tobacco plants 
were inoculated by the needle-cotton method previously described (U); B, tobacco plants were inocu- 
lated by wiping a leaf with the same extract used in method A; C, 10 or more leaves of iST. nylvettriB plants 
were inoculated by wiping with the same extract used in method A. The number of necrotic lesions is 
based on a unit area of the leaf surface, i. e., 1 cm*. 

* The common-mosaic tissue used for this control contained a few yellow-mosaic spots. 


The writer has not had an opportxinity to test the amount of in- 
crease of virus in the lesions produced by Nicotiana langsdotffii. 
However, tests have indicated that the increase frequently is very 
small in necrotic lesions produced by N. rustica, N. glutinosa, and N. 
sylvestris. Caldwell (^) '«lso found a small increase of the virus in 
the necrotic lesions he tested. It is a common occurrenw to get 
negative results in testing for the pr^ence of virus in necrotic lesions, 
and with common-mosaic virus it has been unusual to obtain more 
than 10 lesions on a leaf of N. rustica when wiped vdth extract from 
a ^gle lesion isolated from N. rustica, the leaves in both instances 
bein^; attached to the plant. This situation makes it difficult to 
obtain a positive test for the presence of one or the other virus in a 
mixture if one virus is considerab^ in excess of the other or if one is 
decidedly more aggressive than the other. Tests indicate that the 
central areas in lesions contain littte or no virus when they become 
necrotic; thus in many cases the evidence of a primary mixture might 
not be obtained when only the peripheral virus is available for test. 

If it is found that necrouc lesions m the great majority of cases are 
incited by single virus particles, it will be of considerable experimental 
importance. However, wholly aside from^ the point as to the actual 
number of virus particles which incite a lesion, it is reasonably evident 
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that certun necrotic lemons either contain but one type of virus, or 
in some cases of mixture, one virus is of such high relative concratra- 
Uon Uiat the presence of others in the lesion cannot be detected by 
ordinary methods. Consequently those in the minority which are 
not too aggressive are completely lost in series transfers, leaving the 
most concentrated virus to survive in a pure state. 

While the lesion method does permit the separation and purification 
of certain viruses, it should be made very clear that the techniques 
which are based on the systemic invasion of the virus and mosaic 
mottling have made it possible to separate and purify many viruses 
though the isolation of local tissues which e^bit departures in 
symptoms, followed by the dilution of the virus extract thus obtained 
and its subsequent inoculation into populations of plants. This pro- 
cedure is based on the elementary principle of independent random 
distribution of the particles in an extract and on reducing the concen- 
tration of the virus that is present in smaller quantity to a point 
where it is no longer detectable in all of the random samples used for 
inoculating the test population. Through a careful study of symp- 
toms the worker learns to detect irregularities in local areas of tissue 
in a mven plant and in individual plants in a series. Selections and 
inocmations from these through successive tests frequently establish 
new types of virus. This method has wide application and can be 
used in studying certain viruses not known to induce the local lesions. 

TESTS WITH DIFFERENTIAL PLANTS WHICH DEVELOP LOCAL NECROTIC LESIONS 

In studies on Nicotiana species a collection of N. qffinis was received 
which comprised several rather obvious genetic types differing in 
fiower color, time of flowering, and texture of leaves. In the ctoud 
which produced flowers late it was found that necrotic lesions devel- 
oped on the detached leaves which were wiped with the virus of type 
A yellow mosaic. In certain of these plants necrotic lesions developed 
on detached leaves which were wiped with virus of common mosaic, 
but in other plants the wiped leaves developed yellowish-green areas. 
Kunkel (,11) has reported that the virus of common mosaic fails to 
induce necrotic lesions, whereas the virus of aucuba mosaic (a yellow 
mosaic) does induce necrotic lesions on the leaves of N. sylvestris. 

This differential relationship in Nicotiana ajfinis and N. sylvestris 
was used in testing toe virus-mutation theory m toe following ways. 
Plants were first tested to determine whetoel*' their leaves were 
negative for toe expression of the (toaracteristic necrotic lesions when 
wiped with virus extract of common mosaic. This was done with 
detached leaves to insure against systemic infection in order that a 

S ’ven plant might be used to supply leaves for several experiments, 
notoer set of detached leaves was wiped with a synthetic mixture 
of common-mosaic virus and type A yellow-mosaic virus in the pro- 
portion of 999 parts to 1, and it was found that the yellow-mosaic 
virus did induce necrotic lesions. 

When plants were known to be satisfactory for test purposes, 4 
leaves were removed, 3 from Nicotiana c^/nis and 1 from N. sylvestris, 
and each was wiped with a virus obtamed from a different tobacco 
plant having common mosaic. No necrotic lesions developed on these 
leaves. Each leaf was used to inoculate healthy tobacco plants, to 
all, 18 plants were inoculated. All plants developed common mosaic, 
and the delayed expression of from 1 to 4 small yellow-mosaic spots 
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occurred on each plant. Three of these spots were tested on N. 
sylvestris and the viruses were found to induce necrotic leuons. 

Another test was carried out with a plant of Nieotiana syhestris 
known to be a pomtive tester for the lesions of type A yellow mosaic 
when in combination with the vinu 
of common mosaic. One leaf of this 
plant was trimmed, wiped with ex- 
tracts of common mosaic and of yel- 
low mosaic, and rinsed with water. 

The method is illustrated in figure 4. 

Care was exercised to confine the 
virus extracts to the areas wiped. 

The leaf was left attached to the 
plant. [Necrotic lesions appeared on 
the mai^n wiped with virus of yel- 
low mosaic. No necrotic lesions 
appeared on the half of the leaf wiped 
with vhus of common mosaic, but 
yellowish-green areas did appear and 
common mosaic finally devmoped in 
the new leaves. As soon as mosaic 
appeared in the young leaves the 
inoculated leaf was removed. The 
portion of this leaf lying between the 
midrib and near the border of the 
necrotic lesions was cut into two 
strips, sections b and c as shown in 
figure 4, and each strip was pulped 
in a small amount of water. The 
resulting inoculum from each strip 
was wiped separately on attached 
leaves of two plants of N. sylvestris. 

All these leaves remained free of 
lesions. Common mosaic appeared 
on the new leaves of the plant inoc- 

Ulatcd with extract from the strip determine whether the virus o( type A yellow 
nearest to the midrib, bulthe plant 
inoculated with extmeprom the 

other strip remained healthy. A plant and inoculated in the following manner: 
detached leaf from each of these 
Plante was wiped with virus of type 

A yellow mosaic and typical lesions lesions developed in section Of but many lesions 

appeared, showing that the plants comunon^mMaic^p^^Si^n^fs^^ cen^ 
wem of suitable test value. 

These results seem to support the and each was pulped separately, and the result- 
view that the virus of type I yeUow 

mosaicdidnotpassfromthele^illus- ?rtth 

trated m figure 4 mto the new leaves. t&e extract from aectlon «. Tlw plant wiped 
The small central leaves showing 

common mosaic were removed and i>ulped. The resulting extract was 
wiped on leaves of NicoHana sylvestris and also inoculated into tobacco 
plants. No necrotic lesioiu developed on the leaves of N. sylvestris but 
common mosaic did develop. Only the green mottling of oonunon 


FiniTRE 4.— Diagram of stlMf of Nicolianatiplm- 
tria illustrating a method of Inoculation used to 
determine whether the virus of type A yellow 
mosaic is detectable in the virus extract of com 
moD mosaic, and whetberthe virusof this yellow 
mosaic passed into tissues far removed from the 
lesions. The leaf was left attached to a healthy 
pUnt and Inoculated in the following manner: 
The base was trimmed as shown, section a was 
then wiped with a virus extract of common 
masaic and section d was wiped on the margin 
with virus extract of yellow mosaic. Nonecrotlc 
lesions developed in section a, but many lesions 
developed on the margin of section d. When 
common mosaic appeared In the small central 
leaves of the plant the Inoculated leaf was re- 
moved. Sections b and c were cut h’om the leaf 
and each was pulped separately, and the result- 
ing extracts were wiped on leaves of separate 
plants of N. ayivestria. No necrotic lesions 
appeared on these leaves, hut common mosaic 
appeared in the plant which was wiped with 
the extract from section b. The plant wiped 
with extract from section e remiUnea mosaic-free. 
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mosaic appeared on the plants dtuing the first 4 wedks of growth, but 
after that a few small ywow-mosalc spots appeared on each jilant. 

Virus extracts were obtained from some of these ydlow-mosaic spots 
and wimped on the leaves of N. sylvestria. In some cases <mly the typical 
necrotic lesions developed and m other cases a systemic type of yellow 
mosaic resulted. The systemic type of yellow mosaic was not m evi- 
dence in previous tests of the stock virus of type A yellow mosaic. 

The results obtained in the tests with N. sylvestris and N, affinis 
^m to warrant the conclu»on that the yellow-mosaic spots which 
appeared in the test tobacco plants resulted from viruses which origi- 
nated in the tissues involved in the spots and not from virus which 
had been carried along as a contaminant with the virus of common 
mosaic. As in all other methods used, this method supports the view 
that the virus of common mosaic mutates. 

TYPES OP YELLOW MOSAIC ISOLATED FROM TOBACCO 

It was pointed out in an abstract (17) that several types of yellow 
mosaic have been isolated. Three of these are described briefly here. 

Type A . — ^This yellow mosaic resembles Johnson’s (9) virus no. 6. 
It was isolated by the writer from the common mosaic which was used 
throughout the present studies. At high summer temperatures 
tobacco plants develop a bright yellow or sometimes a creamy white 
mottling. When growing temperatures are reduced the yellow color 
of the mottled areas of subsequent foliage gives way to a light green 
as a result of a gradual increase in the chlorophyll content. At 
temperatures of about 13° to 16° C., this yellow mosaic is indistin- 
guishable from the common mosaic on tobacco plants grown at 
temperatures of about 21° to 24°, yet the virus from plants grown at 
these low temperatures induces typical yellow mosaic when inoculated 
into plants cultured at 21° to 24°, thus indicating that the symptom 
changes are not due to a mixed virus. 

On the Canary Island strain of N. glauca, symptoms are either 
absent or Very mild, especially at 21° C. and below, and the virus 
is not carried in mosaic-free leaves and stems in the upper portion of 
plants that are allowed to continue growth for several weeks or months 
after inoculation. 

The virus produces necrotic lesions on the leaves of JV. rustica, 
N. glutinosa, N. sylvestris, and certain strains of N. affinis at 21° 
to 24° C. The properties of the virus in vitro are similar to those of 
the vims of common mosaic. ^ 

If the strain of N. glaum used by Johnson (9) is g'enetically the 
same as the writer’s strain, then type A yellow mosaic may be the 
same as Johnson’s no. 6 yellow mosaic, for he states that the symptoms 
are often masked on N. glaMea. Jensen {8) has described a yellow 
mosaic isolation no. 102) that shows symptoms like the writer’s 
type A ydlow mosaic on tobacco, and he considers his mosaic to be 
sumlar to Johnson’s no. 6 and to aucuba mosaic, but, according to 
Kunkd iil) aucuba mosaic induces necrotic lesions on leaves of 
N, sylvestris, whereas Jensen’s does not. 

Ty^ B . — ^This yellow mosaic was isolated from a yellow spot 
assoohted with a green mosaic on tobacco. The originm virus was 
in NieoHana glaum collected on the island of Grand Canary. ' The 
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mild daik-groen mosaic referred to in thu paper ps^ominated in iMs 
material and a common mosaic was also isolated with the yellow spot. 
At hi^ summer temperatures this mosaic on tobacco has been indis- 
tinguishable from t^e A. However, chlorophyll masks the vellow 
areas of type B mosaic more rapidly at lower temperatures than U does 
those of type A.^ At temperatures near 16“ to 19“ C. the symptoms 
of type^.B mosaic on tobacco resemble those of common mosaic on 
tobacco when grown near 21“ to 24“ C. 

On the Canary Island strain of N. glauea this mosaic is character- 
ized by very severe yellow mottling on all leaves, stems, and petioles, 
and the virus is systemic in all these parts. 

The virus produces necrotic lesions on the leaves of N. rmtica, 
N. glutinosa, N. sylvestru, and certain strains of N. affinis at 21“ 
to 24“ C. The lesions resemble those induced by the virus of type A. 
The properties of the virus in vitro are similar to those of the virus 
of common mosaic. 

If the strain of N. glauea used by Johnson is genetically the same 
as the writer’s strain, then t 3 rpe B yellow mosaic appears to differ 
from Johnson’s no. 6 yellow mosaic, as the writer has always obtained 
severe symptoms at temperatures above 21“ C. on this host. Strain 
differences in this host must be reckoned with in virus studies, as the 
writer’s tests indicate that mottling is more severe on the Canary 
Island strain than on the Babcock and Clausen strains. 

Type C. — ^This yellow mosaic was isolated from a yellow spot 
associated with a green mosaic resembling common mosaic on tobacco. 
The original virus was in Nicotiana glauea collected by the writer on 
the island of Grand Canary. The yellow pattern of this mosaic on 
tobacco is distinct from that caused by types A and B. 'The designs 
take on the appearance of lace and the degree of yellowing is less than 
in types A and B. The virus of this mosaic does not produce symp- 
toms on tomato, and tomato is not a carrier of the virus. On tne 
Canary Island strain of N. glauea the symptoms appear on all leaves, 
but they are less severe than those induced by type B. The virus 
produces necrotic lesions on the leaves of N. rustica, N. glutinosa, and 
N. sylvestris at 21“ to 24“ C. The virus retains its potency in dry 
tissue for at least 29 months at room temperatures. The thermal 
destruction point of the virus has been between 80° and 85“ C. in 
several tests. 

During the process of purifying this virus it was foutid that a mild 
dark-green mosaic was associated with it. This green mosaic is ve^ 
similar to^ if not identical with, the mild dark-gr^ mosaic used in 
the experiments cited in this paper. ^ Since the virus of type C yel- 
low mosaic possesses several properties in common with the virus 
of mild darK-^reen mosaic, it is suspected that this yellow-mosaic 
virus may have originated from the virus of mild dark-green mosaic 
under special conditions not yet maintained in the writer’s experiments. 

DISCUSSION 

It has been shown that ft few small yellow spots o<^urred in all 
the coUections of common mosaic studied. ^ After the isolation and 
purification of the viruses from these spots it was found throughout 
long series of subinoculations that the viruses induce ^rmptoms 
which are a distinct departure from those of common mosaic. 
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Tests indicate that these viruses arise spontaneously in associatibn 
with, common mosaic and not from contaminations from^ outside 
sources and the evidence presented seems to support the view that 
these new viruses represent mutants and not loosely fixed variants. 

The precise mechanism involved in the spontaneous origin of one 
virus from another is not known. Assuming the virus to be livmg 
and capable of independent regeneration, the process may be similar 
Jo the saltation or mutation in fungi and in higher organisms. How- 
ever, it seems likely that the virus is no lamer than, if as lar^e as, 
some genes, and therefore the mutation would involve a very minute 
physical-chemical mechanism as m the case of genes. It is possible 
that the process involves changes in a chemical compound due to 
the addition of or Hie dropping of a radical, to alterations in valence, 
or to isomeric changes. If the plant cells provide a special mechanism 
for increasing the virus, it is possible that the first step in the mutation 
of the virus consists of a change in the function of the virus-producing 
mechanism. 

The fact that yellow-mosaic spots appeared on all of the many 
plants with cominon mosaic might be advanced as an ailment 
against the mutation of the virus on the ground that the occurrence 
is too frequent. However, this argument carries little weight for 
the reason that the frequency must be based on the total number of 
virus particles involved in all of the plants and not on the nuniber 
of plants. On this basis the milli ons of virus particles mvolved in a 
single plant would indicate a low frequency at the temperatures 
enmloyed in these tests. 

The expression of the yellow-mosaic spots seems to be influenced 
by the environment; therefore this factor must be reckoned with in 
studies on this problem. It is entirely possible that some of the 
viruses and hosts found suitable for these studies might not be suit- 
able under environmental conditions differing markedly from those 
m^tain^ in this work. Host material which is suitable for devel- 
oping evidence on the virus-mutation theory with certam yellow 
mosaics and common mosaics of tobacco may be imsuitable for 
anoHier combination. For example, Nicotiana glauca was satisfac- 
tory for type A yellow mosaic and the common mosaic associated with 
it, -but not for type B yellow mosaic and the common mosaic Unso- 
ciated with it because both of these latter viruses induced symptoms 
and were systemic in N. glavm. Heterozygosity in test plants must 
be kept in mind constantly in virus-mutation and classification studies. 
This was especially evident in the studief§i|| 9 olving N. affinis. In 
critical work where a considerable number of plants are needed it is 
sometimes necessary to propagate vegetatively from single plants in 
order to reduce genetic irregularity to a minimum. 

In addition to the 3 yellow mosaics isolated in these studies, 
Jensen (8) isolated 3 yellow mosaics from common mosaic of 
tobacco, and Price (S3) isolated several yellow mosaics from cucumber 
mosaic. In wheat the writer (18) reported the isolation of a yellow 
mosaic which is closely associated with a green mosaic, and later he ’’ 
reported another y^ow mosaic which is closely associated with 
another green mosaic. Since that time another simiiar association 

* McKotrar. H. R. VKiAf MOSAIC in kamsas. tr. S. Dspt. Agr., Bur. naat Indus. Flmt Disease 
Rept. U: lU-110. 1937. (MlmeognplMd.| 
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has been found. These yellow mosaics in wheat may originate in Uie 
same manner as those m tobacco, but the evidence is less readily 
obtained.^ However, in the case of the green-mosaic-rosette virus 
repeated isolations from green mottled tissues for 5 years have fail^ 
to eliminate all traces of the yellow mosaic, leaving one to infer 'that 
the mutable characteristic b common to the green-mosaic rosette of 
wheat. 

A foliage-defonning green mosaic has been isolated from a light- 
green spot associated with the mild dark-green mosaic used in these 
studies. 

In addition to the severe yellow mosaics which arise from conunon 
mosaic, it appears from the results presented by Holmes (7) that a 
certain masked mosaic arbes from a mosaic which induces mottling. 

Virus mutation opens up an interesting and important field dealing 
with the oriein of new types, the evolutionary development of viruses, 
and their relationships. The new types obtained thus far from estab- 
lished types appear to possess many properties in common with the 
virus from which they are considered to have originated. The most 
striking departure of a new type thus far has been in the relative 
intensity of the symptoms induced in the host, accompanied by 
relatively minor changes in host range and other properties. Minor 
changes in properties may signify only strain differences, but regard- 
less of this point there seems to be ample justification for considering 
that another virus has been isolated even though it may show a 
consistent departure from the original in but one property or charac- 
teristic. As this field of study is opened up it seems entirely possible 
that viruses may be obtained which will show even more extreme 
departures from the originals. A virus manifesting a radical departure 
might arise through a single mutation, but it seems more likely that 
extreme changes in properties and in host range are eventually 
effected as mutation proceeds through several stages involving differ- 
ent varieties and species of plants growing in different environments. 

The virus of tobacco common mosaic and the virus of cucumber 
common mosaic may be thought of as representing two distinct 
central or basic ty pes, each fixed within limits but capable of produc- 
ing by mutation its particular types or strains which in turn may 
mutate. WMe the write'* b inclined to the view that the mutants 
from these two vinises wfll probably fall for the most part into two 
distinct groups or ranges, it b possible that some of the mutants in 
the two CTOups may be very similar to each other or even overlap in 
certain waracteristics. From the studies on the tobacco common 
mosaic the writer is inclined to the view that thb virus is not fixed to 
the extent that most worka's believe. It b strongly suspected that 
some of the collections of common mosaic show differences of a mag- 
nitude which are fully as ^eat as the differences exhibited between 
some of the yellow mosaics that arbe as mutants from common 
mosaic. It seems aitirely possible that the v^s of tobacco common 
mosaic may have originated from anotker virus wliich may or may 
not induce mottling symptoms in tobacco. It is not beyond the realm 
of possibility that there may be viruses which cannot induce any of 
the now recognized symptoms in any known species. However, 
mutants from such viruses might be capable of indudng signs of 
disease. 
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It mems probabld that several strain types of virus resulting from 
tbtttataon are present in many tobacco plante having^common mosaic, 
and that this may occur in many virus diseases. Such a complex 
may. explain the so-called attenuation and the increased virulence 
attribute to the exposure of certain viruses to extreme temperatures, 
passages of virus tmough different plants or animals, and to other 
treatments. 

The role of mutation in epidemiology has several angles which 
should be considered. Throughout the studies at the Arlington farm, 
the pure yellow mosaics of tobacco have been handled imder quaran- 
tme, and all diseased plants and the soil in which they grew have 
been sterilized with steam before being disposed of. On tobacco and 
tomato the yellow mosaics are much more destructive than green 
mosaic, and with the exception of the green-mosaic rosette on Harvest 
Queen wheat and similar varieties, this is true among susceptible 
varieties of wheat. On the other hand, there are certain natural 
factors which tend to restrict certain of the yellow mosaics. 

It was pointed out in an earlier paper (15) that pure yellow mosaics 
occur less generally than green mosaic on Nicotiana glauca in the 
Canary Islands, l^he same was found to be true in commercial fields 
of tobacco visited in Pennsylvania, Virginia, and Maryland. This is 
explained on the basis that there are few sources of pure yellow mosaic 
to servo as centers for spread. These are few because of the extremely 
small possibility of transmitting pme yellow mosaic from the rela- 
tively small number of yellow spots that appear on plants having 
common mosaic. Measurements made on a typical tobacco plant 
with common mosaic showed that the total leaf area was approxi- 
mately 13,600 cm*, and in this area about 1 cm* was involved in 
yellow-mosaic spots. From this it is clear that natural and cultural 
factors could rarely be expected to successfully establish pure yellow 
mosaic in another plant from the small spots. On the other hand, the 
chances are essentially reversed when plants with pure yellow mosaic 
are exposed to natural factors in a field. 

The characteristic action of common-mosaic virus in gradually s^- 
pressing or inhibiting at l^t certain yellow-mosaic viruses arising 
from it doubtless plays an important role in delimiting the size of the 
ydlow-mosaic spots. This characteristic also militates against the 
rapid establidunent of cases of pure yellow mosaic under natural 
conditions. However, if these yellow mosaics get into new areas or 
on new varieties where the suppressing iofig^ce may be reduced or 
possibly reversed, they are likely to be very®»tructive. 

The suppressing influence of one virus over another is not fully 
understood, but it may be that the phenomenon represents differ- 
ences in the ability of the viruses to compete in their development, a 
situation which may exist without reference to a special defensive 
mechanism set up bv the plant. It seems entirely possible that this 

E henomenon is similar to the antagonism between certain fungi and 
etween certain bacteria. 

Kunkel (1:1) in his study of the yellow-mosaic and common-mosaic 
viruses on Nicotiana aylvestria concluded that the virus of common 
mosaic induces an acquired immunity in the plant against the virus 
of yellow mosaic. In similar studies Caldwell (d) referred to the 
phenomenon as induced immunity. The general conception of ae- 
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quired immunity has gro-wn up to a very large extent around the 
classic example of immunization a^amst smallpox by a presumed 
^ecial defense mechanism set up m the body as a result of the 
immtinizin^ agent. However, a review of the hterature on acquired 
immunity m mammals shows that there are a number of types which , 
differ to a considerable extent from the situation obtaining in acquired 
immunity to smallpox, and that acquired immunity is relative to a 
considerable d^ree. 

The writer’s tests have shown that ^e common mosaic gradually 
suppresses the yellow-mosaic virus in the meristematic tissues, 
thereby effecting what possibly may be considered a cure for yrilow 
mosaic. Leaves already displaying yellow mosaic continued to show 
it until they died, but before the end of the growth cycle of the plant 
the yellow mosaic was to all intents and purposes cured in the leaves 
that were produced after those in which the blended symptoms 
appeared. Furthermore, common mosaic developed on side branches 
from the axils of leaves which had expressed yellow mosaic before the 
reinoculation with virus of common mosaic. Preliminary studies 
have indicated that the suppression of the yellow-mosaic symptoms 
is more rapid than the suppre^ion of the virus. In the early stages 
of recovery from yellow mosaic the yellow-mosaic virus is present 
in considerable amount in leaves showing only the light- and dark- 
green mottling of common mosaic. 

This so-called “ curative characteristic ” is not an outstanding attri- 
bute of the agents which immunize against virus diseases in mammals, 
though in the case of rabies the disease is prevented when the Pasteur 
treatments are administered before the completion of the incubation 
period. Alleviating effects have been claimed for some of the anti- 
toxins and for the antiserum used against cerebrospinal meningitis. 

It is true that tobacco plants inocmted with the virus of common 
mosaic are protected against the occurrence of pure yellow mosaic, but 
the symptoms of common mosaic remain and the disease persists 
throughout the life of the plant when grown under normal culture 
conditions. This characteristic is distinctly at variance with the 
situation found in acquired immunity among mammals. 

If we hold strictly to the prevailing interpretation of acquired im- 
munity as exemplified in mammals, it is difiicult to conrider the mowic 
relationship in question as rejMesenting bona fide acquired immunity. 
On the other hand, it is quite possible that the prevailing interpreta- 
tion is too limited for the purpose of the plant pathologist, ana that 
the virus of common mosaic should be looked upon as an immunizing 
agent or “vaccine” which protects the tobacco plant gainst the yel- 
low inosmc. It seems unnecessaiy to assume that the virus of common 
mosaic induces the plant to set up a special protective mechanism, 
such as a system of antibodies. It appears also that the common- 
mosaic virus represents a rather low form of “vaccine” since the 
disease producea by it is permanent. On the other hand, the virus 
represents a relatively high form of “vaccine” since ultimately it 
renders a “cure.” The 0 virus used in Salaman’s {Z4) tests agiwst 
the L' ■virus in tobacco and Datura stramonium is a more efficient 
“vacdne” since it induces very slight symptoms with no appreciable 
effect on the health of the plants. Sunon (;9J) has pointed out in 
connection with the control of smallpox that daring the early period 
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when prophylaxb wiis obtained through variolation certain prople so 
treated served as carriers of the smaUpox virus though they were im< 
munized against the disease. This danger was not removed xmtil the 
oowpox vacdne method was used. In the case of tick fever, cattle 
which have completely recovered from an attack of the. disease carry 
the parasite in the blood for long periods. 

In view of the mutable nature of some of the plant viruses, it is 
possible that in tune viruses may be isolated which will protect as well 
as “cure” and yet will not survive indefinitely in an active form in the 
plant. 

SUMMARY 

Twenty-three collections of viruses which induce common mosaic 
or similar types of green mosaic on tobacco were obtained from differ- 
ent parts of the world. All of these mosaics developed a few bright 
yellow or yellowish-green spots of small size on the foliage of each 
tobacco plant tested. Three other viruses which induce green mosaics 
distinctly not of the common type on tobacco did not induce these 
yellow-mosaic spots. 

These spots contain viruses which are distinct from the virus of 
common mosaic. ^ 

After the isolation and purification of viruses from these spots it 
was found through a long series of subinoculations that new symptoms 
are consistently associated with the new viruses. Thus the new 
viruses represent permanent departures from the established type, the 
essential criterion for mutation. 

The yellow-mosaic viruses from the common mosaic do not com- 

E ete successfully with the virus of common mosaic in tobacco. When 
oth viruses are introduced into the plant in approximately equal 
parts yellow mosaic develops, but the virus of common mosaic gradu- 
ally predominates until the syptoms of common mosaic take pos- 
session of the top leaves. The same results obtain when plants with 
yellow mosaic are reinoculated with the virus of common mosaic, but 
when plants with common mosaic are reinoculated with the virus of 
yellow mosaic no charges are apparent in the symptoms. 
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ROOT DEVELOPMENT OF PITCH PINE, WITH SOME COM- 
PARATIVE OBSERVATIONS ON SHORTLEAF PINE > 


By WiLLiAU Evebbtt McQtnLKiN * 

Formerly fidd astistantf AUeghmy Foresl BsperimetU Station,* Forest Service, f 
United States Department of Agriculture 


INTRODUCTION 


The development of the root systems of trees constitutes a rela- 
tively unexplored field of botany. Most of the older references to 
this subject have been based on casual observations of exposed roots 
along roadside outs and eroded stream banks, or of the upturned 
roots of wind-thrown trees. Hence, descriptions of the root systems 
of trees generally have been incomplete, if not actually inaccurate. 
The extensive investigations of the roots of herbaceous and shrubby 

S lants, particularly those by Cannon (5) * and Weaver (26, 27, 28), 
)d naturally to a greater interest in the roots of trees. However, the 
relatively large amounts of time and labor required have tended to 
discourage work in this field. _ Problems arising in the nurseries and 
the relative facility -with which small plants can be studied have 
directed research mostly towwd the seedling stages. Tourney 
described and classified tbe seedling root systems of many of the more 
important eastern species (25) and stimulated many other investiga- 
tions of a similar character. 

A few studies of the roots of older trees have been carried out in 
this country. In general, the work done thus far h^ been of a 
preliminary character, and gives neither a complete picture of the 
root growth of a species from seedling to maturity on any particular 
site nor an adequate account of the root reactions of a species to the 
various sites on which it may grow. Woodroof's studies (SO, 31) on 
the pecan constitute an exception to this statement. 

Somewhat more work has been done in the north-European coun- 
tries. The German work has been summarized by Biisgen and 
Mflnch (4). Perhaps the most complete study of any one species 
was carried out by Laitakaii (17) in Finland on Scotch pine (Pinus 
sylvestris L.). 

The species chosen foj the present investigation was pitch pine 
(Pirnis ngida Mill.), because #f its wide distribution throughout the 
Eastern States and its remarkable tolerance of a wide range of unfavor- 
able situations . Particularly because of this latter quality , the species 
promises to assume increadng importance in the forestation programs 
of the future, although it is not an inmortant timber tree^ at present. 
Pitch pine is prominent among the botanically interestii^ flora of 
the pine barrens of New Jersey. The ability of the species to with- 
stand fire evokes the wonder and admiration of all who know that 
unique section. 
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Defhute root studies of pitch pine have apparently never heen 
made. Harshbei^er (10) made some general statements concerning 
the root development of the species, and published a small drandng 
of a tree with its root system. His observations obviously were of a 
most cursory character, and his figure is entirely inadequate as a 
portrayal of a root system. ^ niick and Aughanbaugh (15) mention 
the strong taproot of pitch pine seedlings and the fact that this root 
becomes relatively less significant in older trees. They measured 
the upturned root mass of a wind-fallen tree, recording 18 feet as the 
diameter of the root system of a specimen 82 feet tall. Such figures 
are of questionable value; probably not more than one-fourth of the 
actual diameter of that root system was represented in the mass tom 
from the earth when the tree fell. 

The observations of Harshbeiger and of Illick and Aughanbaugh 
are representative of the availabTe information on the roots of pitch 
pine, and of most other tree species. More precise knowledge of the 
root habits of trees is requisite for the judicious planning of foresta- 
tion programs. ^ In this investigation, the major objective was to 
study, on one site, a developmental series of root systems of pitch 
pine from the seedling stages to maturity. Secondary objectives 
included comparative observations of the root systems of normal and 
weak treesj oi trees growing on different sites, and of pitch pine and 
shortleaf pine (Pinus eehinaia Mill.) growing on the same site. 

FIELD WORK 

DESCRIPTION OF SITE 

The major part of the field work was done on the tract of the 
Allegheny Forest Experiment Station in the Lebanon State Forest in 
New Jersey. Some data were obtained from the Ockanickon area of 
the experiment station near Medford, N. J., and from the Mont Alto 
State Forest in southern Pennsylvania. Both of the locations in New 
Jersey are in the pine barrens, the ecology of which has been treated 
in some detail by Harshberger (10). 

The site of most of the excavations on the Lebanon forest was an 
area of about 40 acres which, being traversed by a low ridge, varies 
from level to gently sloping. Drainage is good; excavations as deep 
as 9 feet did not encounter water, even on the lower ground. The 
soil of the ridge is typical Lakewood sand; on the lower ground it 
tends somewhat toward the Sassafras types. At a few places, a 
sightly harder, dark-colored layer was encountered below tiie A 
horizon, si^gestive of the St. Johns series, but it was not well de- 
veloped. These minor variations in soil did not seem to exert any 
appreciable direct effect on the l^avior of the pine roots. 

A recent paper by Lutz (SO) gives detailed data on the soils of the 
section anci a quantitative expression of their poor quali^. His 
determinations mow that the pine-barren soils are characterized by: 
(1) High pmcentage of sand; (2) low percentages of clay and total 
colloids; (3)low content of oiganic matter; (4) low contents of nitrogen 
and phosphorus; (5) high carbon-nitrc^en ratio; (6) high acidity; (7) 

• excesedve leadiing, and varving degrees of podsolization; (8) low 
water-holding capacity; and (9) periodic occurrmces of low- per- 
cehtages of available moisture — the moisture content may fall bdow 
the wlting coefficient during periods of drought. 
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The forest cover is a mixture of white, black, and chestout oaks 
(Qvereus alba L., Q. vdvtina Lam., Q. pnims L.) with pitch and short- 
leaf pines. The oi^ are mostly mrout growth averaging 4 to 6 
inches in diameter breast high,* and represent the growth since the 
last cutting for charcoal. The pines are of all sizes up to 12 inches 
d. b. h. Some of the larger ones are approaching, or perhaps exceed, 
100 years of age. Apparently the area has not suffered severe burning 
for some time, as seedling and sapling pines of various sizes are fairly 
abundant. 

The ericaceous ground cover, t^ical of the section, is sparse on the 
ridge, and composed mostly of day-land blueberry (Vaccinium vaeil- 
lans Kalm). Lower down on the slopes, black huckleberpr {Qaylm- 
sacia baeeata (Wang.) C. Koch) becomes predominant, with dangle- 
beny {G.frondoaa (L.) Torrey and Gray) appearing also on the lowest 
flats. A dense ground cover of the huckleberries rather effectively 
excludes pine seedlings. The natural inference is that saplings and 
older trees growing among them got started following a ^ound fire 
which had temporarily checked the huckleberries. The majority of 
the pines in seedling stages are now found on the h^her and less 
densely vegetated palts of the area. 

METHODS 

The root systems were exposed by the dry method. The first step 
in the case of trees larger than sapling size was to uncover the root 
crown to a depth of 1 foot or more and radially about 3 feet. This 
operation was, of necessity, largely done by hand in “badger” fashion. 
With the root crown thus revealed, the most suitable position for 
making deeper excavations with the least destruction of roots could be 
determined. A hole of sufficient size to allow a man to stand in it 
and use a spade was then dug alongside the stump. Its ultimate 
depth and the size necessary to permit spading movements and pre- 
vent caving of the walls were determined, of course, by the depth of 
the taproot. By careful caving of the wall toward the stump, the 
root crown and taproot could be clearly exposed without serious muti- 
lation. With the bases of the lateral roots thus revealed, represen- 
tative ones could be selected and followed in any d^ee of detail 
desired. Exposure of the latej^s also was largely a hand process, 
although a trowel and small bi^d ax were useful. An ice pick was 
helpful in freeing the finer roots from the soil. Excavation of vertical 
branches of the large laterals necessitated dicing a hole in the same 
manner as for the taproot. 

The d^ method has several advantages over the alternative wet 
method, in which the roots are washed from the soil with a stream of 
water under pressure. The former can be used by an investigator 
working alone, it does not require proximity to a source of water or 
to a road by which water may be hauled, and it requires only the 
simplest outlay of equipment. A spade, an ax, a trowel, a hand ax, 
an pick, a ruler, and a few small pails or jars of water for saving 
specimen roots constitute the essentials for field work. To get 
complete detail of the finer root branches in sandy wils by dry exca- 
vation is not unduly difficult. The wet method is more suitable, 
however, f or getting out seedling ibot systems, or parts of laager 

* Four <uid a half foat above the ground; abbreviated *^d. b. h.** 
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systems, intact. Cdnsiderable breaka^ and desiccation of finer 
roots are unavoidable by the dry method. 

In this study, no attempt was made to obtain complete intact 
root systems except in the c^e of small seedlings. On larger trees 
the taproot and only a limited number of representative primary 
laterals were follows to the tips, likewise, only representative 
sample of the hieher orders of branching were examined in detail. 
Experience soon snowed the general range of variation to be expected. 
Excavation of all the roots would have consumed more time than the 
results would warrant in a study of general root habit. 

GENEKAL FEATURES OP PITCH PINE ROOT SYSTEMS 

The root systein of pitch pine may be regarded as belonging to the 
generalized type, i. e., it is noth widely spreading and deeply pene- 
trating, but does not attain extreme development in either direction. 



Figure 1.— Three^lmensional diagram illustrating the taproot and the positions of three primary laterals 
with their larger secondary and tertiary branches. The development of vertical roots is depicted at the 
right; at the left is shown a lateral of deeper origin obliquing upward; in the background is shown the hori- 
zontal development with the topsoil removed. Modeled after a tree about 30 years old. 

Insofar as we have knowledge of other pines, this type of root system 
seems to be typical of the genus (6, 12,17). It usually shows a definite 
and fairly strong taproot which frequently is found to ^vide, below 
a depth of 2 to 3 feet, into numerous branches descending at acute 
angles to the vertical. This feature becomes apparent only after 
the tree h^ passed the sapling stages. The major part of the lateral 
system ordinates from the root crown within 8 inches from the soil 
surface. These primary laterals extend radially at depths of 2 to 8 
inches, rarely, if ever, turning downward appreciably, ^ere a 
dense mat of ericaceous roots and rhizomes occurs, the pine roots 
tend to run below it at depths of 5 to 8 inches; where the ericaceous 
mat is absent or poorly developed, some pine laterals will be found 
as dose as 2 inches to the soil surface. Ime primary lateral system 
is almost entirely confined to the surface soil during the seedling and 
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sailing stages; lateMaterals oi^natiiw as deep as 2 feet may attain 
conspmuoTis size. Deeply originating laterals frequently, though not 
always, oblique gradu^v upward to the surf^ soil, where they 
proceed horizontally. Ine primary laterals rive ofiF both vertical 
and horizontal secondary branches, which r^ranch commonly to^ 
the fifth and sixth orders. The term “ vertical ”, as here used, applies' 
only to roots growing downward; those branches which grow upward 
from the more deeply situated laterals soon turn in a horizontal 
direction and are not distinguished from those which grow hori- 
zontally from the start. The vertical branches along the basal half 
of a lateral may penetrate almost as deeply as does the taproot; 
those of more recent origin on the distal half of the lateral naturallv 
are not so well developed (fig. 1). That the tree has contact with 
the subsoil under the major part 
of the area covered by the lateral 
system is a fact that is not general- 
ly appreciated and that warrants 
empWis. 

Many of the ultimate branches 
are mycorrhizal. Lateral branches 
of the higher orders frequently ex- 
tend into the duff, where mycor- 
rhizal development may be profuse. 

However, mycorrhizae are not 
confined to the surface soil. In 
the pine-barren soils, mycorrhizae 
seem able to develop \mder prac- 
tically all conditions that permit 
growth of the pine root itself. 

They were observed as deep as 8 
feet in drained soils and more than 
3 feet below the water table in 
saturated soils. 

ROOT DEVELOPMENT IN EARLIER STAGES OP GROWTH 

SEEDLING ROOT SYSTEMS 

The taproot is the mosb conspicuous feature of seedling root 
systems. Taproots of seedlings in their first year of ^wth varied 
in length from 3 inches to more than 1 foot (fig. 2). The influence 
on root development of local differences in site is probably more 
clearly seen in young seedlings than at any later stage. The maxi- 
mum elongation of roots occurs on areas of clean, loose sand subjected 
to strong insolation. The bue sand of infrequently used roadways 
or trails will often yield seedlings with exceptional root development. 
The combined factors of shade, higher humus content of the soU, and 
underground competition tend to retard root elongation of seed- 
lings growing under the tree canopy. Under these conditions, the 
taproots sometimes penetrate scarcely deeper than through the layers 
of duff and raw humus during their first year of growth. Bums (S) 
has shown experimentally that white pine seedlinM produce the 
stnmgest root systems when grown without shade, me root system 



Fiqube 2.— Specimens of Pinus riffida seedlings 
taken in June from ofjen woods. The length of 
the longest taproot was 5.5 inches. 
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becoming progresnvely weaker as shade is increased. Top de 7 ek>t>> 
meat, alio, was markedly retarded in the plants grown in full ehcMle. 
In the relatively open woods of the pine barrels, conditions of full 
shade rarely occur. Hence, top development gives little indication 
of root devdopment in the case of youi^ pitch pine seedlings in nature. 

By. the end of the first /ear, recognizable lateral roots have ap> 
peared along the upper 2 mches of taproot (fig. 3). Al&ou^ the 
strongest 2 or 3 laterals on well>deveioped root systems may be 
as long as 6 inches, most of them do not exceed .3 inches in length. 
Usually not more uan 5 or 6 branches can definitely be identified as 
potential laterals on the 1-year-old seedling. At tins time branching 
has proceeded to the second and occasionahy the third order. 



FiQtTBi S.—Spedmens of Pinus rigida seedlings taken in August from an exposed roadside. The taproots 

were about 8 inches long. 


Mycorrhizae were already evident in June on the roots of seedlings 
of the current season. Such seedlings could not have been much 
more than 2 _ months old. Some apparently healthy seedlings were 
foimd on which the whole root system was sheathed in fungus my- 
celium. Mycorrhizae were present in abundance on 1-year-old 
seedlings, with some clusters showing 4 or 5 dichotomies. 

The taproot may be regarded as dominating the root system up to 
ihe ei^th or tratb year of the plant's life, though after the first year 
its dominaiice steadily decreases. Seedlings 4 or 5 years old, growing 
under conditions of moderate competition and partial ^bade on Lake- 
wood sand, showed taproot penetrations of 15 to 24 inches and 
inazinium lateral extensions of 12 to 15 inches (fig. 4). Usually there 
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ware 6 to 8 horizontal roots exceeding 6 inches in length, the largest of 
which approximated the size of the taproot. Even at this earij stage 
the increasing importance of the lateral system is becoming appax^t! 

Seedlings of this age (4 or 5 years old) are typically 10 to 12 inches 
tall, unbranched weak, and 
spindling, decumbent or, at 
best, only feebly erect. 

The seedling of both Pinus 
rigida and P, cchinata usu- 
ally topple over during the 
second or third year, and 
remam in a semiprostrate 
position for several seasons. 

By the eighth year they 
usually have again assumed 
an erect position, but a per- 
manent crook remains at 
the ^und line. This crook 
is ultimately obscured by 
the thickening of riie stem, 
but frequently can still be 
seen in saplings 8 or 10 feet 
tall. 

Seedlings 8 to 9 years old, likewise under conditions of moderate 
competition and partial shade, were 1.5 to 2.6 feet tall and were 
beginning to branch. Though plants of this age have assumed a 
fairly erect position, the stems still lack rigidity. Naturally, varia- 



Fiqubb 4.— Pour-year-old seedlings oi Pinut rigida with prac- 
tically complete root systems. 



Figvbx 5.— Elght-ye«r-old seedUngs of Pirm rigida with practically complete root systems^ 


tion I between individuals increases with age, both above and bdow 
^uhd. Taproot penetrations vmying from 21 to 34 inches were 
founa on sites apparratiy very similar $g. 5). The stroimer laterals 
approximated 2 feet in length, though one was found which measiued 
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40 inches. The number of identifiable laterals averaged 10 or more. 
Some of the stronger ones bore secondaty branch^ almost 1 foot long. 
Branching had proceeded commonly to the third and occasionally 
to the fourth order, exclusive of myoorrhizae. 

Some comparison was made with seeding of Pinm «<Miujia of the 
same age and on the same sites. The develbpment of the two species 
was very similar; no differences were noted which did not readily fall 
within the limits of variation within each species. It is the wnter’s 
opinion that detailed analysis of many specimens will be necessary to 
determine any differences which may exist between the seedling root 
systems of the two species. However, it was noted that the stems of 
seedling of P. eehinata tend to stand more rigidly erect than do those 
of P. ngida. 

ROOT SYSTEMS OF SAPLINGS AND SMALL TREES 

By the eleventh or twelfth year the pitch pine seedling has acquired 
a degree of rigidity heretofore lacking, the growth rate has increased, 
giving an aspect of vigor, and annual whorls of branches are being 
regularly developed. The young plant at this age begins to appear like 
a tree. This acceleration of growth undoubtedly is coordinated with 
root development; it could not take place until an adequate absorbing 
system had been formed and sufficient contact made with the subsoil to 
insure a constant water supply. The dimensions attained by the roots 
indicate an even more striking acceleration of growth underground 
than that displayed by the tops. The eighth to te'nth years mark 
the inception of a period of rapid root elongation. This period also 
witnesses the appearance of secondary branches of conspicuous size. 

It should be borne in mind that, although it is convenient to speak 
of these younger stages in terms of years, age probably is relatively 
insignificant. The development of the plant is more properly to be 
viewed as an orderly process, the speed of which is governed, within 
limits, by the environmental conditions. Thus, a stage of develop- 
ment ascribed to 10-year-old trees in New Jersey might be reached 
several years earlier, or later, imder other conditions. 

A fatirly typical sapling, 11 or 12 years of age, was 4 feet tall, and 
0.75 inch in diameter at toe groimd Ime. The current season's leader 
was 8.5 inches long, and that of the past season, 7 inches. The tap- 
root reached a depth of 4 feet, the longest lateral root reached out 8 
feet, and 3 other laterals exceeded 4 feet in length. Ten major 
laterals had originated within 6 inches from toe surface of the soil, 
and 5 more were present at ^eater depths. The longest lateral 
bore 12 secondary branches ranging from 1 to 2.5 feet in length. The 
strongest secondary branch descended vertically from one of toe other 
primary laterals to a depth of 3.5 feet. 

The appearance of greater numbers of branches, both primary and 
seoondaiy, as the seedling grows older does not mean that new 
branches have orimnated at points remote from the tip of the parent 
root. As will be discussed later, branch roots normally originate only 
in lip regions before the advent of secondly thickening. Mmiy 
branches never become more than a few inches long, and eventually 
die and disint^ate. Certain ones, however, which at first are un- 
distin^Bhable from the ephemerals, later undei^o increased growth 
in boto length and thickness and become recognizable as permanent 
struetures. These account for the apparent increase in toe number 
of major branches. 
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The root dimensionB given indicate the relative decline of the tap- 
root and the mounting prominence of the system of primary lateral 
branches. The taproot, of course, retains its importance as an 
oi^an of central anchorage, and as the mechanical and physiological 
center of the ^t system. Its upper part is the conduit throu^ 
which ail liquids must pass. Its function as an absorbing organ, 
however, becomes more and more insignificant as the tree develops. 
Vertical secondary branches, or sinkers, contact the subsoil and thus 
relieve the taproot of its earlier vital role — insurance against death 
by drought. Ultimately, the taproot, including its descending 
branches, may not greauy exceed the stronger sinkers with respect 
to the amoimt of absorbing area. 

A somewhat larger wpling illustrates further the relative decline of 
the taproot. It also illustrates a fact borne out by observations on 
larger trees, that beyond tiie seedling stages the size of the top fur- 
nishes but little indication of the depth or size of the taproot. The 
lateral system, however, is fairly closely correlated with stem devel- 
opment. After a little experience, the observer can predict the gen- 
eral dimensions of the lateral system. This sapling was 14 years old 
by ring count, 7.5 feet tall, and 1.5 inches in diameter at the groimd 
line. The taproot reachea a depth of only 3 feet. It gave off 20 
laterals, 14 of which originated at depths not greater than 6 inches. 
The longest one measured 10.5 feet, 3 others exceeded 8 feet in length, 
while the remainder ranged from 2 to 8 feet. Primary laterals shorter 
than 2 feet were not considered. The 2 strongest laterals each bore 
about 30 secondary branches approaching or exceeding 1 foot in 
length. Very few were more than 3 feet long. At least 3 vertical 
secondaries reached into the fourth foot of soil, thus exceeding the 
taproot in depth. Branching had proceeded to the sixth order, ex- 
clusive of mycorrhizae. 

In the consideration of secondary branches, only those which 
approached or exceeded 1 foot in length were record^ numerically. 
Smaller branches were numerous, but irregularly distributed. Many 
were dead, or apparently dormant, and destined eventually to sloimn 
off. Their importance as absorbing omans is, at present, purely 
speculative, but would seem to be negligible on the oldw parts of the 
root system. A branch which has attained a length of 1 foot is 
growing, or previously has grown, more vigorously. Its basal parts 
have imdergone some seconda^ thickening, and the epidermis has 
been replace by the characteristic flaky bark, giving the aspect of a 
permanent organ. A reasonably close correlation exists between the 
nasal diameters and the lengths of pine roots. Thus, their lengths 
can be estimated without complete exposure. Branching to the 
higher orders is considerably more profuse on lateral branches than 
on vertical ones. 

Primary laterals less than 5 feet long rarely have many such sec- 
ondary branches. The latter appear in increasing numbers as the 
primary elongates. By the time a primary has become 10 feet long, 
it may have 20 to 40 secondaries 1 to 4 feet long. Usually, one-hmf 
to three-fourths of iliese are horizontal, and the remaining one-fourth 
to one-half are vertical. Such a primary lateral thus has developed 
from a root into a root system in itself. Its zone of absorption ex- 
tends down to the moister sands of the subsoil, and several feet 
laterally on either side in the topsoil. Subsequent growth of the pri- 
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matr lateral b simply the extension vertically, laterally, and lineariy, 
of tms zone of root occupancy. However, downward growth does 
not keep equal pace with the lateral and linear advance. Hence, the 
zone of root occupancy of a primary lateral undergoes a gradual rda- 
tive flattening as development progresses, and a constantly increas- 
ing proportion of the root svstem as a whole becomes locaUzed in the 
surface soil. The data on larger trees illustrate thb tendency. 

A specimen tree, 14 feet tall, 2.5 inches d. b. h., and about 17 years 
old, may be cited. Thb individual had originated as a sprout, and 
therefore probably was sightly larger for its age than trees developing 
directly from seed. Suitable specimens of seedling or^in of thb 
general size were almost entirely lacking in the locality. The taproot 
was rather atypical. It divided about 9 inches below the surface of 
the soil, the two roots subsequentlv uniting in a natural graft, and 
then redividing. One branch ended at a depth of 3 feet. The other, 
alter forking twice more, reached a depth of slighly more than 5 feet. 
Twenty-two primary laterals had ori^ated at depths of less than 1 
foot, and several small ones were found at deeper levels. Four laterab 
exceeded 15 feet in length, the longest being 19 feet. A fifth one meas- 
ured 12 feet; the others were of various shorter lengths. The number 
of secondary branches varied from 40 to 75 on the 4 largest laterab. 
Horizontal secondaries as long as 6 feet were found, at which sbe 
tertiary branches of conspicuous size were present. None of the 
vertical secondaries, or sinkers, reached deeper than 5 feet. 

The same general sequence of development b followed by the sec- 
ond^ brtmches as by primaries. Their early growth is largely 
manifested in elongation, most of the side branches being small, del- 
icate, and ephemeral. When a leng^ of 4 or 5 feet has been attained, 
permanent branches of the next higher order first become conspic- 
uous. The same sequence may be repeated again by tertiary branches 
on still older root sytems. 

Branches of the second or higher orders differ from the primary 
laterab in certain growth habits. The former frequently are found to 
obliqud upward into the raw humus of the soil surface, whereas the 
latter usually run at slightly deepw leveb. Also, branches of the 
higher orders often branm so extensively near the end that the parent 
root can no longer be identified. It b doubtful whether such a root 
can subsequmtiy imdergo any pronoimced elongation. Laitakari (l 7) 
observed a similar situation m Scotch pine, and states that very littie 
further elongation occurs. Primary laterals, on the other hand, 
always mamtain their identity in a morphologically distin ct tip 
capable of indefinite growth. 

A mecimen trm about 30 years old, 22.5 feet taU, and 3.5 inches 
d. b. n. may be cited to illustrate a more advanced stage of develop- 
ment. This tree grew on a rather high, sterile site, whereas the pre- 
ceding one was located on lower, but nevertheless well-drained, groimd. 
Though such minor variations in site do not seem to be reflected 
noticeably in root devdiopment, thqy cannot be wholly ignored in 
comparing the two trees. Excessive drainage on the h^er site 
quite probably stimulated deeper penetration of the verticm roots. 

, The taproot of thb tree reached a d^th of 9 feet. Its upper part 
was strong^ developed, being 5 indies in diameter 6 in<^eB below tike 
soil Surface and 3 indies in du^eter at a dqith of 2 feet. At that levd 
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it divided into 3 descending branches; these subsequently divided 
further. At the 5-foot level there were 15 of these descending 
branches distributed wit^ a circular area about 2 feet in diameter 
(fig. 6). Most of them did not extend deeper than 7 feet, but the two 
longest ones reached depths of 8.5 and 9 feet. Growing tips were fairly 
abundant, and active mycorrhizae were collected as deep as 7 feet. ‘ 
la There, were 20 sizable laterals, 13 of which originatea at depths of 
less than 6 inches; the othw 7 were found at greater depths down to 
the 2-foot level. The longest lateral measured 31 feet, another 29 
feet, and at least 3 others exceeded 20 feet in length. The smaller 
ones included in the 


count were estimated 
to be about 8 feet 
long. 

A few, of still smaller 
size,were not recorded. 
Secondary branches 
were not extensively 
excavated. One of 
the larger secondary 
laterals was 9 feet long, 
another was ej^osed 
for 11 feet without 
recovering the tip ; 
several others were 
estimated to be of 
equal, or greater, 
length. One sinker 
was observed to end 
about 5.5 feet dee 





but others probab, 
reached deeper. The 
largest sinkers gener- 
ally may be expected 
to approximate the 
taproot in depth. 

On any tree second- 
ary branches that can 
be classified as large 
in proportion to all 
secondaries are rela- 
tively few. The ma- 
jority of them are 
comparatively small. Some data taken from the last-mentioned 
specunen tree illustrate this point. The secondaries were tabulated 
in three size categories: (1) Length greater than 5 feet, (2) length 
2 to 5 feet, and (3) length leas than 2 feet. In most cases, the length 
was only estimated from the features of the basal part of the root, 
but as noted above, such estimations can be sufficiently accurate for 
the purpose. Of 348 secondary brandies tabulated from 7 primaries, 
22 were classed in g;roup 1, 104 in group 2, and 222 in group 3. The 
most richly branched primary bore 95 secondaries, of which 6 were 
classed in group 1, 31 in group 2, and 58 in group 3. The smaller 
primaries usually had no secondaries falling in group 1. 


FiaxTM 6.— Taproot expoaore of a SO-year'.old tree. The exoavatlon was 
i.i feet deep when we pbototrapb was taken; it was subsequently 
extended to a depth of 9 feet to recover the deepest branobes. 
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GENERAL CONCLUSIONS FROM STUDY OF ROOT SYSTEMS IN EARLY STAOJSS 

The plim of this paper thus far has been to present general mor- 
phological data from the developmental point of view. The growth 
of the root system has been foltowed from the seedling stages to the 
conditions found in immature trees 20 to 25 feet tall; Subsequent 
root development, as illustrated by larger trees, proceeds along some- 
what different lines. Hence, certain generalizations applicable to 
the earlier growth stages are now presented. 

Proportions of Vertical and Horizontal Secondary Branches 

A summation of data with respect to the proportions of vertical 
and horizontal secondary branches is given m table 1. Since the 
horizontal category includes branches on both lateral sides of the 
parent root, it is evident that the primary puts out branches in three 
general directions, and that the sinkers represent approximately one- 
third of the tot^. This three-way distribution of branches cannot 
be correlated with the anatomy of the protostele. Although the 
primary xylem is not infrequently triarch m the roots of pitch pine, 
the diarch condition is most common. 

Increasing Prominence op the Lateral System 

Mention has been made above of the increasing prominence of the 
lateral system of roots as the tree develops. In the pine barrens, 
the taproot usually is the longest and most conspicuous root up to 
the eighth to tenth years of the plant’s life. Soon after that time, the 
strongest laterals linearly outstrip the taproot, and eventually nearly 
all of them exceed the taproot in length. Mention also has been 
made of the tendency of the root system to flatten out and become 
relatively more localized in the topsoil as development progresses. 
This change comes about largely through the more rapid growth of 
the primary laterals as compared with that of the taproot and sinkers. 
A second, and less important, factor is the tendency of the secondary 
laterds to surpass the sinkers in growth rate during later development. 
T^ is evident only in trees 10 or more feet tall, and after the second- 
aries have attainea a length of 4 or 5 feet. 


Table 1. — The proportions of vertical and horizontal secondary branches of three 

pitch pines 


Tree no. 

Primary 

roots 

tabu- 

lated 

Secondary roots 

Total 

Vertical 

Horizontal 


Number 

Number 

Number 

Percent 

Number 

Percent 

1> 

3 


87 

46 

43 

64 

2* 

9 

286 

90 

34 


66 

3» 

6 

284 

76 

26 

209 

74 


> An unusually vigorous lO-yaai-old sapling. 

* I7-year-oId tree cited in text. 

* 80-yasrold tree cited in text. 


^ Ta.ble 2 illustrates these trends of development. The increadmg 
size of the figures from top to bottom in the sixth and seventh columns 
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is most informative. The larger ratios shown by the last two iigures 
in the ninth column are also imdoubtedly 8i|:nificant; the other figures 
in that column probably only express variations around a norm of 1.0. 


Tablb 2.-~Data illuBtrating the increas-ing prominence of the lateral system and the 
relaHve fUAtening of the entire system as the tree develops 


Height of tree 

Age of 
tree 

Depth of 
taproot 

Depth of 1 
strongest 
sinkers 1 

Length of 
longest i 
primary 
lateral 

1 

Primary 

laterals 

longer 

than 

taproot 

Ratio of 
longest 
primary 
lateral to 
taproot 

1 

Length of 
longest 
secondary 
laterals 

Ratio of 
secondary 
laterals 
to sinkers 

Inches 

Months 

Inches 

Feet 

Inches 

Number 


Fed 


1.5 

2~3 

5 


1.6 


0.3 




Years 








3.0 

1 

8 


3.0 


.4 



ii 

4 

18 


15 


.8 



22 - 

8 

27 


33 

0) 

1.2 



Feet 

I 

Fed 


Feet 




27., 

' 10 

3 3 

1 

5.5 

3 

1.7 

1 

1.0 

4 

12 

4 

3.5 

8 

6 

2.0 

2.5 

.7 

4.5 

11 

2.6 

.3 

12 

13 

4.8 

4 

1.3 

7 

10 

3 

3 

14 

12 

1 4.7 

2.5 

.8 

7.5 

14 

3 

4 

10.5 

12 

3.5 

3.5 

.9 

14 

17 

5 

5 

19 

12 

3.8 

6 

1 2 

22.5 

30 

9 

7 

31 

17 

3.4 

12 

1.7 


> No data. 

Relation of Lateral Spread of Roots to Height of Tree 


A simple criterion for estimating the area occupied by the root 
system would be of some practical value. However, the limitations 
of such a criterion must be recognized. Because of inherent v^a- 
tions, and variations due to the environmental complex, close estima- 
tions of root development are impossible when based only on above- 
ground characters. In the pine barrens, about four of the laterals 
may be expected to exceed the trunk of the tree in length. The 
longest lateral usually is approximately 1.5 times as long as the stem. 
This applies only to trees less than 26 feet tall and to trees that have 
not been forced to spindle upward. Data illustrating this generaliza- 
tion ^e given in table 3. 

It is even more difficult to estimate the depth of taproots. The 
figures in the first and tliird columns of table 2 indicate that the 
stem and taproot attain linear equality somewhere between 2 and 4 
feet. Previously, the taproot was longer; after the interval of equiva- 
lence, the stem is always longer. Nine feet appears to be near the 
maximum depth attained by pitch pine taproots in the locality. 

Table 3. — Data thawing the relation of the maximum lateral epread of roots to 

height of tree 


Height 
of tree 

Laterals 
exceed- 
ing the 
stem in 
length 

Length 
of longest 
lateral 

Ratio of 
longest 
lateral to 
height 
of tree 

Height 
of tree 

Laterals 
exceed- 
ing the 
stem in 
length 

Length 
of longest 
lateral 

Ratio of 
longest 
lateral to 
height 
of tree 

Inches 

Number 

Inches 


Feet 

Number 

Fed 


11 


13 

1.2 

2.8 

4 

6.8 

2.3 

11 


15 

1.4 

4.0 

4 

8.0 

2.0 

18 


26 

1.4 

4.5 

7 

12.0 

2.7 

18 



27 

1.6 

7,6 

2 

9.0 

1.2 

20 


40 

2.0 

7.0 

8 

14.0 

2.0 

Fed 


Fed 


7.6 

14.0 

4 

4 

10.5 

19.0 

1.4 

1.4 

2.5 

4 

4.7 

1.9 

22.6 

6 

31.0 

1.4 

2.6 

5 

5.3 

L9 
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Relation Bet wBXK Root Diaubteb and Length 

Little has been said in the preceding discussion concerning the 
diameters of roots. From a physiological standpoint, diameters are 
of far less significance than lengths of roots and volume of soil oc- 
cupied. Basal diameters, particularly those of horizontal roots, are 
roughly proportional to lengths, and can be used to some advantage 
in estimating the lengths of laterals. In cases where there is appre- 
ciable enlargement at the point of origin, measurement should be 
taken beyond the region of pronounced tapering. For a general 
estimate of the length of a root, the basal diameter is measured in 
millimeters; the length expectancy is an equivalent number of feet. 
For example, a root of 5 mm in diameter at the base is about 5 feet 
long; a root 30 mm in diameter at the base is about 30 feet long. 
Naturally, there are rather wide variations, with a somewhat greater 
tendency of lengths to fall short of, rather than to exceed, the expec- 



Figure 7.— Exposure of part of the root system of a 17-year-old pitch pine showing the ropelike character 
of the laterals. The tools mark the ends of roots. The root on the right was 19 feet long. 


tancy according to this simple formula. The length is generally 
inversely proportional to the degree of branching, i. e., the parent 
root is shorter when well branched than when poorly branched. 
The diameters in millimeters and the lengths in feet were tabulated 
for 53 primary laterals from seven trees. The ratio of the lei^th 
figure to the diameter figure was calculated for each root. The 
average of these ratios was 0.85. This expresses the tendency, 
noted above, of lengths to fall slightly short of the simple ratio of 1.0. 

It can be seen that these lateral roots are rather slender structures. 
Since branches usually are distinctly smaller than the parent root, 
and on older roots are relatively sparsely distributed, the larger 
laterals may aptly be described as “ropelike” in appearance (fig. 7). 

Durii^ the younger stages sinker roots maintain the same propor- 
tions as laterals, but after they readi a depth of 3 or 4 feet, elongation 
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is retarded. Growth in diameter may continue, resulting in greater 
thickness in relation to length. The diameter of a taproot furnishes 
no reliable indication of its length. 

ROOT DEVELOPMENT OP TREES APPROACHING MATURITY 

As has been mentioned, root development proceeds along some- 
what different lines as the tree approaches maturity. The rize at 
which this change occurs may be designated, more or less arbitrarily, 
as follows: Height, 25 feet; diameter breast high, 4 inches; radial 
spread of roots, 30 to 35 feet; and age, 30 years. Early root develop- 
ment involves a rather steady increase in length, boln laterally and 
vertically, during which the ropelike character of the laterals is main- 
tained without marked thickening at any point and general correla- 
tions exist between extent of root systems and size of tops and between 
^ameters and lei^lffl of roots. Subsequent growth adds little or 
nothing to the radial spread of the root system. Biisgen and Miinch 
(4), in a footnote, indicate that a similar sequence of development 
has been observed in 
Europe (probably on 
Pinna aylveatria). 

Instead of further 
elongation, a marked 
thickening becomes 
apparent along th e 
basal 1 to 3 feet of the 
stronger primary lat- 
erals. The smaller 
primaries, and to some 
extent, the secondary 
laterals, continue to 
elongate, thus increas- 
ing the density of roots 
within the 30-foot 
rad i u s . Ultimately, 
the originally smaller 

f irimaries attain 
engths approximately 
as great as those of the 
strongest laterals; 
they then cease elon- 
gating and imdergo 
basal thickening. 

Further penetration 
of the subsoil by the 
taproot and the strong 
sinkers near the root 
crown practically «i.»>.h..«,d86ye«soid. 

ceases, downward growth being confined ^most entirely to branches 
of those roots and to the younger, more distal sinkers. 

The taprootof pitch pine, which is nearly always a conspicuous feature 
of younger root systems, becomes relatively insignificant on some older 
trees. In such cases, the function of anchorage is taken over by several 
of the innermost sinkers, which have become much thickened (fig. 8). 
'jHie size of these sinkers varies inverselywith the size of the taproot. 
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The basal thicken^ of the primaries very frequently is more pro- 
noimced in the yoticai plane, resulting in “planklike” roots. The 
asymmetry rarely extends outward more than 3 feet. Undoubte^y, 
it is a mechanically efficient means of bracing the tree against the 
ino^ased stresses of a larger crown. Rigg and Harrar (S2, p. S96) 
noted an extreme development of this tendency in the Ghallow root 
systems of trees growing in sphagnum peat, and, apropos of the me- 
chanical efficiency of such modifications, state that “the strength of 
beams of varying transverse sectional shapes approximates ^e square 
of the vertical dimension when the horizontal dimension remains the 
same.” 

These planklike roots frequently are decidedly eccentric; that is, 
the morphological center of the root is below the actual center, as a 
result of greater thick- 
ening on the top than 
on the under side (fig. 
8). Thus, shallowly 
.situated laterals often 
grow out of the ground 
near the stem base, 
producing the familiar 
buttressed effect. 
Although many decid- 
uous trees display this 
feature more mark- 
edly, it shows plainly 
in pitch pine and prob- 
ably is a wide-spread 
habit. Laitakari {17) 

' , . mentions it in discuss- 

ing the roots oi Finns 
sylvestris. Vertically 
narrowed roots and 
buttresses attain strik- 
ing dimensions in some 
tropical trees. Obvi- 
ously, buttresses are 
mecnanically efficient 
structures; the same 
amount of material 
would give greater 

, . ' support in that posi- 

■' tion than in the stnctly 

FiauBE V.— Cras»«ectional views ol four lateral roots oat close to the horizontal position of 
the taproot. All show narrowing in the vertical plane* and the 4.1^^ Tn 

two lower ones show eccentric thickening on the upper side. pnglliai root, xn- 

vestigations of tropi- 

cal trees indicate, however, that buttresses cannot always be explained 
as a simple response to mechanical stress.. They may develop when 
lateral stresses are negligible. Air and water relations appear to be 
influential factors (7, 9). The formation of the characteristic but- 
tresses of the bald cypress {Taxodium distichum (L.) Rich.) has been 
shown to be dependent on a combination of water plus air {16). 

The buttressuke development of lateral roots of mature, erect trees 
suggests that the roots function mechanically as props or braces. 
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and that the thickenme develops in direct response to the increasing 
siresses produced by the growing crown. Undoubtedly, supporting 
roots also function mechanically as tensile ^y wires, but that role 
is minor and is secondary to the propping action. Laitakari \l7) has 

K inted out the tendency of Scotch pine to produce more and stronger 
erals on the side opposite that of the prevailing winds, i. e., in the 

f iropping position. To check this tendency further in pitch pine, 
eaning trees were examined. The one-sided stress on the roots of 
such individuals is distinct and constant. Of 4 such trees examined, 
3 showed a very marked concentration of laterals on the side under 
the inclined trimk, mth no sizable surface laterals on the opposite 
side (fig. 10). This indicates clearly that those roots in the propping 
position are thickened in response to stress; those in the guy-wire 



Fiqitbb 10.- Gvpomd rnate of a leiuiInK shovlag tbe majority of the lateral roots io the propping 

position. 


position do not thicken, but may possibly breajs under the strain, 
die, and disappear. 

Examination of the roots of the fourth leaning specimen, in which 
there was no correlation between lean and root development^ did not 
weaken this conclusion. It was a sprout, only slight^ inclined and 
relatively small (2 inches d. b. h. and 15 feet tall). The symmetri- 
cally arranged root system had been laid down by the parent tree; 
the sprout had not yet become old enough or heavy enough to alter 
its symmetry appreciably. 

The positive correlation between the growth of roots and of tops 
has been pointed out by numerous investi^tors. It is praoticmly 
regarded as axiomatic by most students of plant roots. The subject 
was not given particular attention in this mvestigation. However, 
the leaning trees discussed above were aU rather weak, slow-growhig 

45680—86 4 
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spedmeas. The number and size of the primary laterals and the 
tniekness of the taproot were distinctly inferior in comparison with 
those of nrnmal trees of the same size. In view of the open character 
of the forest, it b doubtM that the weakness of the specimens was 
due to suppression by larger trees. It seems most probable that both 
the leaning and the general weakness of the tops had resulted from, 
or were comcident with, an originally weak root system. 

It seems quite probable that the processes of maturing and senes- 
c^ce are correlated with the tree's inability to extend the root system 
into new territory. It is obvious that the demands for support placed 
upon the inner root system increase enormously as the top attains 
mature stature. The material requirements for strengthening near 
the root crown may be an important factor in precluding further root 
extensions. In any event, a fertile field for speculation is offered by 
the question of whether maturing and senescence are wholly internal 
and protoplasmic, with the cessation of root extension as a result, or 
whether the mechanical difficulties of support and of transportation 
through an ever-widening root system are contributory causes of 
those processes. 

ORIGIN OF ROOT BRANCHES 

The endogenous origin of the branches of roots is one of the funda- 
mental facts of plant anatomy. Normally, branches emeige along 
the maturation zone of the root tip, and along the tender parts farther 
back which have not undergone marked secondary thickening. The 
completion of a solid ring of secondary wood generally precludes 
further branching. On an actively growing root, thb probably takes 
place during the second year; on roots glowing less vigorously, either 
of two types of behavior may occur; (1) Secondary thickemng may 
be indemutely delayed, and the period of possible branching equally 
prolonged; (2) secondaiy thickening may advance to within 5 mm 
of the tip, resulting in thick, blunt-ended roots with a barely per- 
ceptible tip of tender tissue. The former is usually associated vrith 
dormaniji lateral roots; the latter condition b most often found in 
vertical roots deep in the subsoil. 

The growicg tips of the major extending roots are thick and succu- 
lent, about 3 mm in diameter. The tips of branches at emergence 
usually are dbtinctly smaller. In cases where the parent tip has 
died (a surprisingly common occurrence), a rralacement tip emerges 
which, from the stwt, has the attributes of the parent root. It 
resembles the latter in size and vigor of growth, and at once assumes 
a forward rather than a lateral direction (fig. 11). Sometimes two 
such tips eme:i^e opposite each other; the immediate result, while the 
dead parent tip persbts, is an apparent trifurcation; ultimately the 
dead root dbintegrates, leaving a bifurcate condition. 

The formation of replacement tips was not observed to take place 
when dying-back had extended into the region of complete secondary 
thickemng. In that event, an existent branch may undemo greater 
than average growth and after the dbintegration of the dead parte 
appear to be the normal continuation of me parent root. ^ Thb is 
nearly always what has happ^ed in those occasional cases in which 
a major lateral root appears to become vertical, or vice versa. The 
abrupt change of direction marks the origin of a branch which assumed 
dominance uter the death of the parent root bqyond that pmnt. 
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The roots of many herbaceous plants, which do not undergo exten- 
sive thickening, may produce branches at any point. Moisture fre- 
quently stimmates abundant branch production on such roots in 
regions far removed from the growing teq). The fact that the woody 
root, in some species at least, is only slightly or not at all capable pf 
such response warrants considerable emphasis, particularly in respect 
to the taproot. With such species, of which pitch pine appears to 
be one, it means that the original complement of primary branches on 
the seedling taproot never can be increased in later life. It is highly 
probable that an originally poorly branched taproot, or one deprived 
of its branches in any way, will re- 
sult in a weak root system and pre- 
dispose toward general weakness of 
the tree. The best cultural care 
is, to some extent, wasted on a tree 
with an inadequate root system. 

Of course, when the number is re- 
duced, roots may become somewhat 
larger and branch more profusely 
than usual, but it'is doubtful that 
such development can be fully com- 
pensatiOT in respect to absorbing 
area, dertainly, reduction in the 
number of primary laterals weakens 
the support of the tree and predis- 
poses toward wind throw in later life. 

The above statements do not 
apply with equal force to all tree 
species. Adventitious roots, aris- 
ing both from stems and from other 
roots, are mentioned occasionally. 
in the literature. Luncz (19), Lu 
reviewing some European work, 
cites Austrian pine and cherry as 
examples of trees whose roots may 
give rise to adventitious branches, 
and states that such branches arc 
not morphologically distinguish- 
able from the origmal roots. If 
adventitious roots ever arise on 

either pitch or shortleaf pines, fioubbU. — a young rapUoement up developing 

tli6V immfi rAmiirfi n irin'rA nnwArfiil after the death of the terminal portion of the 
tuejr raus^ require a more powenui parentroot. Note its relative slw and direction 

StiniUlUS than normally occurs in of growth in comparison with the remnants of 

nature. Examination of scores of normal swe branches, 
roots showed that branches of all rizes, on both species, universally 
extend^ inward to the protoxylem of me parent root, and therefore 
had originated when that region was young (fig. 12). The only pos- 
sible exception found was in cases where the roots had been severed 
smoothly with a i^arp instrument. Some small branches had subs^ 
quently arisen exogenously near the cut ends. Examples of 
WOTe found at the scene of stump-grubbiug operations of the preceding 
winter. No observations were made of exogenous branches of 
greater age. 
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GROWTH OF ROOTS UNDER WATER 

Probably the most strikm^ single feature of pitch pine roots 
observed m the course of this investuation is the fact that they 
develop extensively below the water table in saturated soils. So far 
as tho writer is aware, no similar observation on a mesophytic tree 

has been reported. 
Such hydric species as 
Taxodiutn distichum un- 
doubtedly root under 
water, but in practically 
all descriptions of the 
roots of mesic trees, and 
even of such bog inhabi- 
tants as American larch 
and black spruce, they 
are reported to develop 
entirely above the satu- 
rated zone. Textbooks 
generally state that 
root penetration cesses 
when the water table 
is encountered (4, ^4)i 
and much has been 
written of the delete- 
rious effects of poor 
drainage on various 
economic plants. Rigg 
and Harrar found 
that none of the six 
conifers growing in the 
bogs of Washington 
extended roots below 
water. According to 
Woodroof (SO), the roots 
of the pecan cannot 
tolerate submergence. 
The longleaf pine 
{Pinus pcmstris Mill . ) , 
which in some respects 
is the southern ecological 
equivalent of pitch pine, is 
reported by Heyward (IS) 
not to penetrate below 
the water table on poorly 
drained sites. However, 
Hesselman (11) notes the 
occumnce of vigorously growing spruce stands in Sweden in the 
vicinity of springs, even where the water level comes to the surface. 
Although no data are riven on root development, the trees obviously 
do. produce roots under water in such situations. Adamson {!) 
describes an Indian tree {Terminalia arjuna Bedd.) which inhabits 



Figure l2.’-*Cro88-aectlonal views of roots showing the central 
origin of branches: A, A section from a taproot, 5.6 inches in 
diameter; B, section from a very small primary lateral, shown 
about natural siee. 
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river banks and extends roots out into the saturated soil of the 
river bed. 

The root behavior of white cedar (Chamaecyparis thyoides (L.) 
Britton, Stems, and Fo^enberg), which is the tvpical bog tree of 
southern New Jersey^ has not been investigated, out in view of the 
rites supporting it, it probably does root below the water lefel. 
Fitch pine, however, b most at home on higher, well-drained sit^, and 
intermingles only slightly with the white cedar in the narrow dividing 
ecotone. The pine can live among the cedars only by overtopping 
them; once the cedar canopy closes, any pine beneath it b doomed. 
The occasional pine that towers among the cedars points clearly to 
the fact that it b not the rite itself, but the competition, that generally 
excludes them. 

Fitch pine is to be regarded as a member of that wide-spread plant 
fraternity which, demanding little except a place in the sun, must find 
its place as a ride in the left-over, unfavorable areas that will not 
support the “nobler” species. Such are the sterile, fire-scorched 
sands of the Coastal Flain, or the wind-swept ridges of the mountains, 
both of which are typical pitch pine sites. It invades bumed-oyer 
areas, abandoned fields, and cleanngs, where individuab may persist, 
but where, if conditions are favorable, reproduction soon becomes 
impossible in competition with other species. Although its tolerance 
of competition b low, its tolerance of a wide range of site factors is 
remarkable. Sandy soils or clay, fertile or iniertile, drained or 
saturated, situations xeric or mesic or hydric — all are acceptable to 
this imdiscriminating species. 

Three trees were examined with respect to root growth below the 
water table.* The largest one was 33 feet tall and 6 inches d. b. h. 
It was located on a steep incline that bounded the valley of a creek. 
The water table was bout 3 feet below the surface at the spot where 
the tree stood. Lateral roots extended up the incline into typical 
Lakewood sand; on the lower side, they extended into the flat valley 
bottom where water was only about 6 inches below the surface, with 
sphagnum moss and cinnamon fern {Osmunda cinnamomea L.) to 
testify to the saturated condition. The laterals were of the usual 
type, and put down sinkers regardless of the proximity to water (fig. 
13, A), They were aligned generally parallel with the incline of the 
soil surface, Iwth uphiU and downhill.^ The taproot penetrated the 
Tione of saturation as a strong shaft, 4 inches in diameter at the level 
of submeigence. It broke up into a fan-shaped mass of branches 
along its fifth foot. Thb fan, which was about 2 feet wide and 4 to 
6 inches thick, was a most peculiar tangle of roots of various sizes, 
unli^ anything found on drained soils (fig. 13, B). As a mass, it 
ended at a depth of 6.5 feet, though a few individual roots reached 
slightly deeper. Many of the tips were alive and growing riowly. 

A large proportion of the ultimate fine branches were mycorrhizri,' 
a conation which was quite unexpected. The literature contams 

< The method of seouring the central root systems from saturate 
removed around the root crown down to the water, and the lateral 
chained to the stumn and operated as a lever over a fuleram of logs, 
of tl^ sises described. Practically every root was secured intact, as 

^he true mj^^^teaA^gacSr^ these roots has been verified by K. D. Doak, of the Allegheny Forest 
Biperiment Station. 


d soils was as follows: The topsoil was 
roots were severed. A strong pole was 
With this, 8 or 4 men could pull stumps 
the sand was held enmeshed in the root 
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JTiouBifc 13 —Central roots of trees from saturated soil: PreUminary excavation of the largest tree» with 
water etanding in the bottom of the hole. B. Under-water portion of the taproot of the same tree. It 

reached a dispra of 6.5 feet. C, Roots of a smaller tre^ from a' — 

*below the sou surfaoe: these roots reached a depth of 5 feet. 
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few definite statements with respect to the occurrence of mycor- 
rhizae in nature on submerged roots. The negative finding of Bondois 
(£) constitute the only direct observations on this topic known to <^e 
writer. The fact that mycorrhizae had not been reported on sub- 
merged roots and that good drainage seems essential for the successful 
svnuesis of mycorrhizae in culture (^i) has led to the general opinion 
that they do not develop imder saturated conditions. In some re- 
spects the presence of mycorrhizae far below a permanent water table 
is even more remarkable than the growth of the pine roots themselves. 
Interesting questions are raised as to the identity and physiology of the 
funms involved — questions to which there are at present no answers. 

other two trees taken from saturated soils grew on a lower site, 
in what probabW was originally the ecotone between white cedar and 
pine stands. (Clearing had disturbed the natural vegetation.) The 
water table was about 8 inches below the surface in diy weather; for 
several weeks after a rainy period it remained only about 4 inches 
down. The site was not a true bog as known in glaciated regions. The 
surface soil to a depth of 6 to 10 inches was composed largely of fibrous 
plant debris, hummocks of cinnamon fern, and sphagnum moss. It 
was densely interwoven with living roots and rhizomes. This fibrous 
mat rested on sand, with a sharp hne of demarcation. 

The specimen trees were 4 inches d. b. h. and about 20 feet tall, 
somewhat smaller than the one discussed above. Both were vigorous 
and healthy in appearance, the more recent intemodes being 12 to 
18 inches long. One of these trees was essentially taprooted, though 
the shaft forked into two almost equal and parallel parts and divided 
extensively into a fan-shaped mass of many-branched and contorted 
roots (fig. 13, ( 7 ). It ended at a depth of 4 feet, with a few individual 
roots going about 1 foot deeper. The finding of two such fans indi- 
cates toat their formation is a normal response to the saturated condi- 
tion. Whv this is the case must, at present, be left to conjecture. 
The branches did not originate wholly on opposite sides of me tap- 
root, which would seem to eliminate diarchy of the protostele as an 
explanation. In fact, many of the roots were faiarch. This tree, 
also, showed numerous growing tips and mycorrhizal clusters. 

The second smaller tree had no taproot, but was anchored by four 
strong sinkers located a few inches out from the stump. They ended 
at depths of 2,6 to 3 feet."" One of these obliqued downward at an 
angle of about 46°, which is notable as the only example found on 
any tree of a major root following such a course. (Major roots are 
almost always either definitely vertical or definitely horizontal.) 
This tree had developed no fanuke structure. 

These three trees demonstrate that pitch pine can thrive on satu- 
rated soils; that it will root solidly and deeply on such soils, wth 
no more than the usual danger of windthrow; and that mycorrhizae 
can develop under conditions of saturation. 

Before applying these conclusions generally, it will be necessary to 
examine trees in other regions and on other soil types. It is possible 
that conditions in the pine barrens permit a greater degree of aeration 
of ground water than usually occurs elsewhere. As is well known, 
many herbaceous plants that are intolerant of saturation will grow 
in water culture properly aerated. Hole ( 14 ) has shown that some 
trees, at least, respond in the same manner. Hesselman (11) attrib- 
utes the growth of spruces in the saturated soils near springs to tiie 
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unusual aeration of the water. Further investigation is necessary to 
determine whether it is the species or the site that is most unique in 
southern. New Jersey. 

PlSint roots growing under water often show anatomical differences, 
particularly in the development of air spaces. Adamson (f ) reports 
the presence of lacunae in both the primary and secondary cor^ of 
the submerged roots of Terminalia arjum. However, no air spaces, 
nor marked looseness of the cortical cells, can be discerned m the 
submei^ed roots of pitch pine. Hesselman (f 1 ) mentions that neither 
pine nor spruce roots develop special air passages when submerged. 
Bondois, in a paper dealing with anatomical features of the roots of 
mesic trees grown in water (£), noted that spruce (the only conifer 
studied) did not develop cortical air spaces, though this did occur in 
several hardwood species. 

ROOT DEVELOPMENT ON HEAVIER SOILS 

ConcUtions did not permit extensive comparative studies of Pinus 
rigida on widely different soil types, though such studies are much to 
be desired. Some observations and partial excavations of root sys- 
tems were made near Mont Alto, Pa., where pitch pine grows on the 
higher ridges in the mountains. The soils are raw, podsolized, stony, 
and high m clay. They are rendered so sticky and compact by the 
clay that spadii^ is almost impossible without preliinina^ loosening 
with a pick. These soils offer far greater physical resistance to root 
penetration than do the sands of the Coastal Plain and in all prob- 
ability retard root elongation irrespective of other factors. 

Two small trees, 1 1 and 14 feet tall, were examined. The following 
differences, in comparison with New Jersey specimens, were noted: 

(1) Vertical roots were generally weaker in both thickness and 
length. Taproots of these trees reached depths of 3 to 3.5 feet. 

(2) Primary laterals were shorter, the longest ones scarcely exceed- 
ing die stem m length. 

(3) Laterals frequently ran closer to the soil surface than in the 
New Jersey sands. . This probably is a result of the greater moisture- 
retaining capacity of the clayey soil. 

(4) Laterals followed more tortuous courses through the soil owing 
to the resistance of the soil itself and to obstructing rocks. 

(6) Secondaiy branches were generally more numerous per linear 
unit o^rimaiy root. 

(6) I^imary laterals had undergone much more ba^ thickening 
than is usual on New Jersey trees of the same size. This is undoubt- 
edly correlated with the weakness of the taproots and the consequently 
greater burden of support placed upon uie laterals. Stronger pre- 
vailing winds, also, may be a factor. 

These generalizations, though derived from a limited number of 
observations, are in essential agreement with statements in the litera- 
ture relating to tree roots. Hence they carry more weight than could 
be granted to them if they were not thus supported. Of particular in- 
terest are the observations of Rigg and Harrar (22) on the roots of con- 
ifers growing in sphagnum peat. They found markedly greater root 
elongation in this loose substratum than in more compact and resistant 
soils.) They agree with Bffsgen and Mtinch (4) that mechanical ob- 
structions rather than conditions of nutrition retard rodt elongation. 
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ROOT FUSIONS 

Frequent references are made in the literature to root fusions, both 
within ihe same system and between different systems. The occa- 
sional persistence of life in coniferous stumps is usually explained as 
resulting from intersystemic fusions with the roots of a living tiefe 
(fig. 14). In this investigation, such natural roots grafts were found 
omy rarely, and with 
one exception involved 
root of the same tree. 

Some were found on 
both pitch and short- 
leaf pines. Close ag- 
gregation of trees is 
most conducive to root 
grafts. The fact that 
such situations were 
avoided in choosing 
specimen trees prob- 
ably accounts for .the 
small number observed. 

ABSORBING AREA 
AND THE PROBLEM 
OP ABSORPTION 

This report is con- 
cerned primarily with 
the gross features of 
root systems. The de- 
scription and interpre- 
tation of the ultimate 
branching patterns and 
of functional areas of 
absorption entail more 
detailed study, involv- 
ing tip-by-tip analyses 
and laboratory experi- 
mentation. 

In a general way, the 
terminfi parts of ver- 
tical roots are coarse and sparsely branched (fig. 15); those of horizon- 
tal roots are more slender and much more profusely branched. On 
• vertical roots, the diarchy or triarchy of the protostele often can be 
determineMl readily by the alinement of the branches (%. 16); on 
horizontal roots, the aunements usually are obscured by the profusion 
and contortion of the branches. Roots feeding in the surface humus 
are most intricately branched; the network often is so complex that it 
is next to impossible to obtain any sizable portion intact and free from 
organic debris. The intricacy is enhani^ further by innumerable 
mycorrhizal clusters. Thou^ myoorrhizae are found at all levels 
(fig. 15), they occur in greatest abundance in the surface organic 
layers of soil. 



Fiqukb 14.— a natural root fusion on Pinm echinata. 
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The amount of functional absorbing area is, in the final analysiB, 
one of the most significant features of root systems. The extent and 
degree of branching of the skeletal framework of a root system is 
important only insofar as it brings the absorlnng membranes of toui^ 
tips into contact with the necessary water and nutrients. Exact 
knowledge of the root parts wherein aosorption occurs b very meager. 
It is not known with certainty how much of the terminal region of a 
root actively absorbs, or whether dormant tips can absorb, or whether 
mycorrhizae are important as absorbing organs. According to the 
usual concept, absorption takes place pnmamy in the zone of exten- 
sion foimd between the apical meristem and the suberized mature 
region of a growing root. Scott (23) has reiterated this general idea, 



Figure 15.~Tip regions of two vertical roots taken 7 feet deep in drained soil. The clusters are mycor- 
rhizae. Note the paucity of permanent branches. 


and pointed out that, with retarded growth due to drought or other 
unfavorable conditions, suberization processes continue and encroach 
on the absorbing regions of <he root. The tip ultimately may be 
coioapletely enclosed by a suberized covering. 

It has been observed by various investigators, and verified by the 
writer in respect to the species studied, that the roots of pines do most 
of their growii^ in the spring and fall. Finding a growing tip was 
a rare occurrence in July, August, or early September. The dormant 
tips found generally during that period were brown and shrunken as 
compared with jawing ones. Free-hand sections showed the cortical 
cells to be in a flaccid condition, and the cell walls were brown inward 
to the endodermis. They appeared to represent thoroughly that 
state described by Scott wherein the root rip is completely enclosed 
by a suberized covering. If it is admitted that active absorption takes 
place only in growing tips, and if Scott’s statement is accepted that 
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distribution of suberization may be used as an indication of the 
delimitation or curtailment of the absorbing region of the root”, 
thw the incongruous situation is presented of absorbing area being 
reduced to a minimum when transptiration stresses are greatest. 
Scott supplies no answer to this question. Perhaps that actually' is 
the case, and the tree obtains its water during the late summer months 
solely throimh the few vertical roots whose tips are not completely 
dormant. Though many of the tips found deep in the subsoil also are 
dormant, and the number of growing ones seems wholly inadequate to 
supply the needs of the tree^ the fact remains that the tree passes 
through the dry smnmer period annually without visible deleterious 
effects. The prevailing paucity of root hairs on pitch pine roots ren- 
ders the mode of water entry 
even more uncertain. The 
whole problem of the loca- 
tion and mechanics of water 
absorption in the pine offers 
a fertile field for further re- 
search. 

SIGNIFICANCE OF THE 

ROOT HABITS OF PITCH 

PINE 

The relation between ini- 
tial root habit and the ability 
of seedlings to maintain 
themselves on various sites 
has been emphasized by 
Tourney (26) and is gener- 
ally recognized by foresters 
and ecologists. To establish 
itself on a xeric site, the 
seedling must promptly 
make contact with the more 
permanent reservoir of mois- 
ture in the subsoil. Those 
species which push their out- 
posts farthest into the midi^ 
western prairie are notably deep-rooted. Quercus macrocarpa Michx. 
and Jugtana nigra L. may extend their taproots down more than 
4 feet during the first season of growth (13). Species with infiexibly 
shallow roots are restricted to sites where the topsoil is always moist. 

The excessively drmned sands of the pine barrens constitute a 
relatively xeric situation; hence the native pitch pine might be ex- 
pected to put down a vigorous taproot during the first season. As 
noted in the discussion of seedling root systems, 1-year-old plants 
reach a depth of 1 foot or more on exposed situations. Altnough 
tl^ is not a striking development, it does bring the roots into contact 
with sands wherein the water content only very rarely is depleted to 
the point of the wilting coefficient. In comparing this growth with 
that of xeric broad-leaved trees of the Middle West, it must be borne 
in mind that the latter undoubtedly transpire much more water than 



Fiuubb 16 .— Line drawing of two tips of vertical roots. The 
one on the left was triarch and that on the right, diarch. 
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do noedle-leavod seedlings in tlie more humid atmosphere of Ihe 
eastern seaboard and therefore require a deeper and more extensiva 
root system. 

The literature indicates that seedlings of pines, in general, develop 
deeper root syst^s than most other native g 3 rmnospermB, but, at 
best, fall far short of the growth attainedlby sueh^hardwoods as 
black walnut and the more xeric oaks and hickories. Pinm palus- 
trie, growing in the southern sandy Coastal Plain, ordinarily does 
not penetrate the soil deeper than 1 foot durii^ the first season {18). 
P. ponderoea Laws., the dry-land tree of the Rocky Mountain area, 
does not develop unusually deep seedling root systems (S). Evi- 
dently the successful ecesis of pines on dry areas cannot be wholly 
ascribed to root adaptations. Other features, includic^ reduced 
transpiration, undoubtedly are significant. Fitch pine is equaled 
or surpassed, with respect to depth of seedling root systems, by 
several other pines and by various hardwoods. From an ecolomcal 
viewpoint its seedling root habit is only one of the complex of cnar- 
acters by means of which the plant is adapted to xeric situations. 
Though it would be presumptuous to account for the prominence 
of the spedes in the flora of the pine barrens on the basis of any one 
character, resistance to fire probably is most decisive (W). 

With respect to the extent of root systems of mature trees, pitch 
pine conforms generally with other species for which information 
IS available. The similarity between the root systwns of pitch and 
shortleaf pines has been noted above. The root development of 
jack pine {Pinus hanksiana Lamb.) evidently closely parallels that 
of P. rigida and F. echinala (6). Longleaf pine and Scotch pine, at 
least under certain conditions, may considerably exceed pitch pine 
in spread of roots. Lengths of 70 to 80 feet are reported {12, 17). 
Laterals of the bur oak attmn lengths of more than 60 feet {29). 
The horizontal roots of the pecan may extend laterally 30 feet on 
12-year-old trees, and generally maintain lengths of about twice 
the lateral spread of the crown {SO, SI). Sudi figures, of course, 
are not strictly comparable, since the various species grew under 
widely differing conditions of soil and climate. They show, however, 
that despite soil conditions generally conducive to root elongation 
the extent of root systems of pitch pine is not exceptional. Further- 
more, they show the fallacy of the old notion that the spread of root 
systems of trees approximates the spread of the crowns. In trees 
beyond the sapling stages, the spread of roots is nearly always at 
least twice, and in many cases four or more times that of the tops. 
Equivalence of spread above and below groimd is to be regarded as 
the exception rather than the rule. 

De^th of roots is more generally responsive to soil conditions than 
is their lateral spread. The figures reported for pitch pine in this 
paper certainly do not approach the maximum depths attainable 
by tree roots. Even on the conservative baas of a depth of 8 feet 
and a lateral spread of 30 feet, the root system of a tree is seen to 
occupy an enormous volume of soU. Trees in nature nearly always 
are ^aced so closely that considerable intermingling of root systems 
results. With these are associated the roots of all the subdominant 
shsubby and herbaceous plants of the forest floor. In general, the 
underground parts of the plants of the forest are more indmatdy 




D«o. 1, 1«« 


Bsot Developmenl of Pitch Pin* 


lOli 


assodated with ea<dL other tliao are the tops. Partieularfy on diy 
<x infertile soils, underground relations probably determine the 
density of the vegetation. When viewed with a full appreciation 
of the extent and interrelations of root systems, it may justifiably 
be contended that the complexity of the forest community attains 
its^eatest expression undargroimd. 

:^om a silvicultural standpoint, several suggestions are warranted 
on the basis of this study. They mav be listed as follows: 

(1) Only seedlings with strong, well-branched root systems should 
be planted. A root system poorly branched in early life will always 
be weak, both as a supporting and as an absorbing structure, and 
will resmt in a we^ tree. 

(2) Pitch pine is not recommended for planting in shallow soils 
overlying sohd rock. The tendency to develop fairly deep vertical 
roots is strongly inherent in the species. Complete inhibition of 
the vertical development would result in weakly anchored trees, and 
probably would cause physiological disturb^ces. 

(3) In the sandy soils of New Jersey, pitch pine may be planted 
on sites where the water table is as close as 8 inches to the soil sur- 
face. Development of vertical roots under such conditions is not 
markedly inhibited, and the trees are firmly anchored. Planting 
on sites where the water table remains at the soil surface is not rec- 
ommended without further study. Aeration of the surface soil 
where the majority of the lateral roots are found may be essential 
to the health of the tree. Also, plantii^ on heavy soils with a hi^gh 
water table is not recommended until the reaction of the species 
on such areas has been investigated. 

(4) Pitch pine probably can best be used in mixture with other 
species. The natural oak-pine mixtures characteristic of the pine 
barrens constitute a pertinent suggestion. All observations indicate 
that the greatest productivity of me soil is to be realized by following 
this hint from nature. Pitch pine roots extensively, but not inten- 
sively. Some intermingling of the roots of adjoining trees may take 
place without initiating marked competition between them. In the 
case of such intolerant species as pitch pine, crown closure does not 
necessarily indicate complete closure undeiground. The mixed 
planting, in which the intolerant pine is given a start over more 
tolerant associated species, thus promises the greatest return. 

COMPARATIVE OBSERVATIONS ON PINUS ECHINATA 

Shortleaf pine (JPinus echinata) is an important component of the 
forest on drained soils of the Lebanon area. It occurs in mixture 
with P. rigida and the oa^, or, locally, in almost pure stands. How- 
ever, it does not follow the pitch pine into low areas of poor drainage. 
Presumably, it cannot tolerate a high water table. In the Lebanon 
area, shortleaf pine appears to be even more intolerant of reduced 
light than pitch pine. The trees are remarkably well self-pruned, 
and if at all crowaed tend to become spindling and weak. 

Although this investigation was centered around piteh pme, 
observations sufficient to establish certain similarities and differences 
between the two species were made. It has been pointed out that 
no constant differences are apparent in the younger stages of growth 
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td 10 yeaid of a^). 
trees emKroach* 
those differences become 
most striking difference is in the'' development of the taproot. Pinus 
eehmaia produces a much more powerful and massive central shaft 
(fig. 17) that maintains its thickness to greater depths and chspl^s 
less tendency to divide into an array of descending branches. The 
deptlu attained by the vertical roots of the two species are essentially 
the same. 

The root systems are similar in general form and' extent. The 
same general relationships between spread of roots and height of 

tops, and between lengths and 
diameters of laterals, seem to 
prevail as in pitch pine. Also, 
the growth of laterals follows 
the same sequence, i. e., elonga- 
tion and the maintenance of a 
ropelike character during the 
first decades of the tree’s life, 
followed by retarded elongation 
and the initiation of basal tUck- 
ening as the stresses incident 
to an enlarging crown increase. 
Thickening, however, is less 
pronoimced in shortleaf pine, 
masmuch as the taproot has 
assumed the greater burden of 
support, and for the same reason 
strong supporting sinkers near 
the root crown are few or 
wanting. 

These comparative general- 
izations concerning Pinm 
echinaia are based on examina- 
tions of three specimen trees. 
Two of them were somewhat 
weak and spindling, 25 feet and 
31 feet tall, respectively, and 
4 inches d. b. h.; the third was 
a mature tree, 8.5 inches in 
diameter, 45 feet tall, and about 
85 years old. It may be noted, 
incidentally, that the longest 
root excavated during the entire investigation was found on the 
somewhat at 3 rpical 25-foot spedmen of P. echinata. The taproot 
of this tree gave off only 2 sizable laterals, the larger of which was 
10 by 5.5 cm in cross section at the b^, and 50 feet long. The 
root was unusually well branched; obviously, this was somewhat 
compensatory for the paucity of primary laterals. It is very doubt- 
ful, however, that the 2 primary laterab, even though exceptionally 
well^ devdopdl, could equal the usual complement of 15 to 30 pn- 
muies in aSsorbing area. Certainly such a root system is mechanic- 
ally Viieak as a structure for anchorage and support. 





Figure 17*—Taproot of an 85>year-old shortlRaf piiie» 
showing its massive charaeter. 
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The sugeestions ^ven for silvicultural management of pitch pine 
hold equuly wdl for shortleaf pine, except that this spemes cannot 
tolerate mtuatlons where the roots reach saturated sou. 

SUMMARY 

The root system of Pinue rigida was studied by the direct, cdry 
method in the jnne-barren section of New Jersey. It is to be classed 
in the generalized type. It attains a moderately extensive develop- 
ment both vertically and horizontally. The basic plan consists of a 
taproot from which 15 to 30 horizontal, branches originate and extend 
radially in the surface layers of soil. From these primary branches 
horizontal and vertical secondary branches develop: these in turn 
give oflE tertiary branches, and so on. Normally, • the root system 
occupies a roughly circular area of topsoil; in all of this area except 
the marginal parts it has extensive contacts with the subsoil through 
the devmopment of vortical, or sinker, roots. 

Seedlings are prominently taprooted. They reach depths varying 
from 3 to 12 inches during the first season of growth. 

The taproots of seedlings 4 to 5 years old reach depths of 16 to 24 
inches, and the strongest laterals approximate the same length. 
Plants of this age are semidecumbent; a permanent crook persists 
at the ground line long after they have become ripdly erect. 

The taproots of plants 8 to 9 years old reach depths of 1.5 to 2.5 
feet, and the strongest laterals approximate the same length. Plants 
of this age usually are erect. 

Saplings 12 years of age are beginning to display regular whorls 
of stem branches, and are assuming the aspect of a tree. Taproots 
reach depths of 3 to 4 feet, and the strongest laterals extend 6 to 8 
feet. The period between the eighth and twelfth years of the yoxmg 
tree's life witnesses the following developmente: 

(1) An acceleration in the growth rate of primary lateral branches, 
as a result of which the radial lateral spread of the root system be- 
comes approximately twice the length of the taproot, and 1.5 to 3 
times the length of the stem. Hence, the laterm roots displace the 
taproot as the most prominent feature of the root systena. 

(2) Retardation of the growth rate of the taproot as it penetrates 
the subsoil below the 3-foot levd. 

(3) The attainment of Ifhear equivalence of stem and taproot, 
prior to which the taproot was longer, and after which the stem is 
always longer. The difference in length between stem and taproot 
constantly mcreases with the growth of the tree. 

(4) 'The attainment of conspicuous size by secondary and tertiary 
branches on the stronger primary laterals. 

Root growth between wie ages of 12 and 30 years, or, on the basis 
of stature, between the heights of 4 and 25 feet, is characterized as 

follows: ^ .1 1 1 . i 

(1) Continuous elongation of the primary laterals imtil lengths of 
26 to 36 feet are attained. 

(2) Maintenanoe of a ratio of about 1.6 to 1 between the length of 
the stroi]^est latorsds and tiie height of the tree. 

(3) Maintenance of a ratio approximalang 1 mnl to 1 foot between 

basal dimnetms and lengths of laterel roots. , , . . 

(4) Continuous elongation of brandies of the highOT ordem, in- 
creasing the dendty of roots within the occufned volume of sou. 
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(5) Continuous elongation of vertical roots, which, however, after 
reacmne depths of 3 to 4 feet, grow much more uowly thim the 
surface laterals, and practically cease to grow at depths of 8 to 9 feet. 

As a result of the procemes listed above, a constantly increasing 
proportion of the root system as a whole becomes localized in the 
surface soil. 

After trees have reached a hdght of about 25 feet, and a diameter 
breast hi^ of about 4 inches, root development enters gradually 
upon a dmerent phase. It is characterized as follows: 

(1) Cessation of elongation by the stronger primary laterals and 
by the taproot and stronger tinkers. 

(2) Marked thickening of the basal 2 or 3 feet of the stronger 
primary laterals. The increment usually is greater in the vertical 
plancj forming narrowed, planklike roots; in many cases, the mcre- 
ment is added almost entirtiy on the top tide, resulting in eccentrically 
thickened, buttresslike supporting roots. This basal thickening 
increases the mechanical strength of the central root system, and in 
all probability is initiated by the stresses incident to an enlarging 
crown. 

(3) Continued elongation of the smaller primary laterals until 
they approximate the length of the stronger ones, after which they, 
too, undergo basal thickening. 

(4) Some continued growth of branches of the higher orders, 
resulting in increating density of roots in both ihe topsoil and the 
subsoil. 

(5) A tendency toward marked thickening of the innermost sinkers. 
Such thickening occurs in response to the requirements of the tree 
for support, hence the development is inversely proportional to the 
strength of the taproot. 

Lateral roots function mechanically as props or braces, and only 
incidentally as guy wires. Thickening is stimulated by compression, 
and not by tensile strain. This is conclusively demonstrated by the 
eccentric development of the root systems of leaning trees. 

Poor developmoit of toi» is associated with inferior root systems. 

Root branches, irrespective of size, can be traced inward to the 
primary :grlem of the parent root, thus indicating that they originated 
when that retion of the parent root was young. Hence, a root system 
poorly brantiied in youth will always be poorly branched, and will 
predispose towaird weakness of the tree. Adventitious root branches 
appear to be absent in pitch pine, except that in rare cases they may 
devtiop in wound tissue followi^ clean severance of a root. 

Replacement tips develop fouowing the death of the terminal 
portion of a root only when death has not extended back into the 
r^on where secondary wood completely encircles the primary xylem. 

Pittii pine k capable of extentive root growth btiow the water 
table in saturated soils. The descending branches of taproots^ under 
water sometimes are arrai^ed in a peculiar and characteristic fan- 
shaped mass, the explanation of which is obscure. Trees growing 
on saturate soils appear to be in full health and vigor. 

On slojung tites, the primary lateral branches generally partilel 
the soil surface, both upmll and downhill. 

’ On heavier smls, root development tends to be less extentive, both 
hoiitHmtally and vertically, than it is in the sandy soils oi the Coastal 
Haiti. 
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Boot fusions occur occasionally, on both Pimm rigida and 
echimta, between roots of the same or of different i^stems. 

The fine roots of the higher orders, through which most abscurption 

f )resumably occurs, are most profusely developed in the upper soil 
ayers, and frequently extend into the raw surface humus. The 
ultimate branches of vertical roots are generally coarser and are 
produced in much less profusion. Nearly all root tips become dor- 
mant, and many die, during the dry periods of midsummer. Growth 
takes place mostly in the spring and fall. 

Mycorrhizae are a conspicuous feature of pitch pine roots. Their 
period of growth coincides with that of nonmycorrhized tips. They 
are found at all depths on both drained and saturated soils, but 
attain their greatest profusion in the surface organic layers. 

With respect to adaptations to xeric sites, the root systems of 
pitch pine show no apparent superiority over those of many other 
species of trees. 

Certain suggestions are offered with respect to silvicultural practices. 
The root development of Pinus eehinata in New Jersey is funda- 
mentally similar to that of P. rigida. The most marked difference 
is the tendency of P. eehinata to develop a much stronger and more 
massive taproot, vdth which is correlated a weaker development of 
secondary supporting roots. This species does not invade areas 
where the water table is high. 
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THE IDENTIFICATION OP CERTAIN VIRU^ 

affecting leguminous PLANTS ‘ 

% 

By W. H. Pn«o*> 

AaaoeuOe jAant paihologitt, D^rtnunt ef Plant PatlmS^'f idaho Agricultural 

mperimant Station 

INTRODUCTION 

There are numerous reports in the literature concemii^ the trans* 
mission of legume mosaic viruses to various hosts. The failure, 
however,, to cfoscribe adequately the vinises and the disea^s which 
they cause has resulted in much confusion. The overlapping in the 
host ranro of certain viruses ma,lces it impossible in many instances 
to identify a virus from brief description of syi^toms or a mere 
report of successful transmission from one h(»t to anmher. In a pre- 
vious paper (Jf7)^ it was shown that several distinct viruses may infect 
the common bfean, Phaseolus wdgaris L. The symptom expression 
on differential hosts, the host range, and the properties of the vimses 
concerned were found to be sufficiently definite to permit identifica- 
tion and specific naming. Recently, certain other l^ume mosaic 
viruses have been studied for the purpose of accumulating evidence 
that beans, peas, and other legummous plants may also be subject 
to a number of different viruses and that these viruses may be readily 
differentiated and identified in various ways. Additional data on 
the common bean mosaic virus (bean virus 1 ) and the yellow bean 
mosaic virus (bean virus 2) previously studied and the results of a 
comparative study of five other viruses affecting legummous plants 
are presented in this paper. 


REVIEW OF LITERATURE 


A mosaic disease of sweet pea, Lathyrus odoraius L. described by 
Taubenhaus (US) in 1914 was shown by him to be transmissible by 
aphids and by artificiai methods. Later reports on legmninous plant 
viruses by McLarty (IS), Elliott (5), Dickson (3), Doolittle and 
Jones (4), Btkiiag (/), Merkel (U), Zaumeyer (32), Zaumeyer and 
Wade (SS), Hra^rson (9), Weimer (S9), and Johnson (10) also were 
concerned primarily with accounts of symptoms and of transmisrion 
experiments. The actual ideimty of the viruses concerned was in 
most cases not established beyond the fact that they were found 
causing a mosaic on some particular host or hosts and were trans- 
missibJb to pertain oth^. 

There aifb, on the other hand, reports of legume plant viruses m 
which the identity of the viruses was sufficientiy established to per- 
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mit their reoogailion other workers. Thus in the studies on com- 
mon bean mostdc by Reddick and Stewart (Jli, iS, £4, £7), Fajardo 
(6, 7), Nelson (16), Pierce and Hungerford (18), and Pierce (17) it 
seems a^arent that the same virus (bean virus 1) was used in all 
cases. Kendrick and Gardner (8, 11) establidied that a seed-borne 
soyl^an mosaic virus was nontransmissible to garden beans, 7 other 
species of Phaseolus, 2 spedes of Ddichos, field peas, and cowpeas. 
It would appear that this virus is quite specific to soybean, ana not 
confusable with the yellow bean mosaic virus (bean virus 2) and an 
alfalfa mosaic virus (alfalfa virus 2) which Herce (17) found trans- 
missible to soybean as well as to bean and a number of other legu- 
minous hosts. The two latter viruses (bean virus 2 and alfalfa virus 
2) were studied (17) comparatively with the virus of common bean 
mosaic (bean virus 1) ana all were found to be distinct and separate 
entities. 

Osborn (16) has described a pea mosaic which he obtained from 
plants of Vicia faba L. The virus concerned produced distinctive 
enations on the under surface of infected crimson clover and pea 
leaves. Stubbs * in an intensive study of viroses of the garden pea 
differentiated two distinct viruses capable of^ causing pea mosaic. 
One of these was found to produce enations similar to those described 
by Osborn (16). This virus wm also found to infect the Perfection 
variety of peas, and was desimated by Stubbs* as enation pea 
mosaic (pea virus 1). The other virus was incapable of causmg 
infection on Perfection peas, and was named pea virus 2. 

Certain well-defined viruses commonly associated with nonlegumi- 
nous plants have in some instances been found to affect plants of the 
family Leguminosae. Thus the tobacco ring spot virus was shown 
by Wingard (SI) to be transmissible to bean and sweetclover. Pierce 
(17) extended the host range to include still other lepime plants, 
f^ce (19) found that the ordinary tobacco mosaic virus (tobacco 
virus 1) would produce local lesions on bean, and Carsner (£) showed 
that the virus of curly top of sugar beets was transmissible to bean 
by means of the beet leaf hopper EUtettix tenellus (Baker). Severin 
and Henderson (£6) reported common beans, lima beans, cowpeas, 
horsebeans, vetch, hairy Peruvian alfalfa^ cmclwea, and a number 
of clovers as susceptible to the curly top virus. In studying the host 
range of the virus of southern celery mosaic (celery virus 1), Well- 
man (30) found that following inoculation, brpadbe^ (Vida faia) 
developed small purplish primary lesions wbdch did not become 
systemic. Price (£0) found that certain strains of cucumber mosaic 
virus produced necrotic primary ledons on cowpea, Vi^m dnenm 
(L.) Endl. One strain was found to cause a typical mosaao disease of 
cowpea. 

Lmford (1£) reported the transfer of pineapple yellow spot from 
Emilia aagiMata (VaM) DC. to peas by Thripa tabad Lmdeman. 
Symptoms on peas were described as streak ana as similar to symp- 
toms not^ on peas naturally infected with a streak. 

It is evident from these accounts that there are a number of viruses 
capable of infecting l^uminous plants, and that the mere observation 
of a virus infection on any particular legume host cannot necessarily 

* STimB8» M, W. yttosxs op tss oabdbn pea (Pmu sativum I#.). Ph. D. thesis, of 

WIsemiMin. IM, (Unpuhlisbed mannsoript.) 

i BtUBBS, M. W. See footnote 4. 
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be ccHOffldered ae a new and separate disease specific to that particular 
species. 

EXPERIMENTAL MATERIALS. METHODS, AND HOSTS 

VIRUSES STUDIED 

The viruses studied in this investigation were obtained from various 
legume plants affected with viroses. The fact that many of the 
legume plants ^d were found to be susceptible to more than one 
virus makes it inaccurate and confusing to sj^ak of the virus of the 
mosaic disease of red clover, for instance, without regard to which 
specific virus may be responsible for the virosis in question. An 
attempt has been made, therefore^ to differentiate these viruses 
sufficiently to name them. In order to simplify the designation of 
the various viruses for the reader, the names have been applied at 
the beginning of the paper, rather than at the close. The viruses 
studied were as follows: 

Common bean mosaic virus (bean virus 1 ). — This virus is the one 
responsible for the.common and prevalent type of mosaic affecting 
common beans {Phaseolns vvlgans) and which has been described 
by Reddick and Stewart {£2, £3, £4, £7), Fajardo (6, 7), Nelson (16), 
Pierce (17), and others. The virus was secured from mosaic-infected 
bean seedlings and was used in this study in inoculation tests on 
beans only. 

Yellow bean mosaic virus (bean virus £). — This virus was previously 
(17) described and named. In this study the virus was obtained 
from a mosaic-infected yeUow sweetclover, (MelUotus officinalis (L.) 
Lam.) plant grown in the field at Moscow, Idaho, in 1934. Symp- 
toms on bean and thermal death point studies established this as 
identical with the yellow bean mosaic virus (bean virus 2) previously 
studied. 

While clover mosaic virus (whUe clover virus 1 ). — This virus was 
secured from a white clover (Trifolium repens L.) plant naturally 
infected with mosaic at Moscow, Iddio. The same virus was ob- 
tained also from naturally infected yellow trefoil. The virus is trans- 
missible to beans, sweetclover, red clover, and peas. It causes 
necrosis of many varieties of j>eas. Differential hosts, thermal death 
point, imd aging experiments are described in detail later in the paper. 

Enation pea mosaic virus (pea virus 1 ). — This virus was obtained 
from peas, Pisum sativum L., naturally infected with mosaic in the 
field. The infected specimens were grown in California. This virus 
produces enations on the under surfaces of leaves of affected peas 
sinffiar to those described by Osborn (16) and Stubbs.* It is referred 
to in this paper as pea virus 1 since it is believed to be the same virus 
as that described by Stubbs. 

Comnum pea mosaic virus (pea virus 3 ). — This virus was obtained 
from a mosaic pea seedling of the Horsford variety ^wn m the 
greenhouse of the Department of Plant Pathology, University of 
Idaho, Moscow, Idaho. The specificity of the virus was suspected 
from the fact that it was not transmissible to beans. As shown lato^ 
this virus is similar in symptom expression to a ^up of v^s^ studied 
by Stubbs * as pea viruses 2 A, B, and C; but since certain differences 
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have been noted, the virus used in this study is designated as the 
common pea mosaic virus (pea virus 3). 

Soybean mosaic virus (soybean virus 1 ). — This virus was secured from 
plants grown from mosaic-infected seed of tiie Midwrat variety of 
soybeans (Soja max (L.) Piper) obtained from the Pufdue Agricul- 
tural Experiment Station, LaFayette, Ind. As shown later, this 
virus is undoubtedly the same as the one described by Gardner and 
Kendrick (8, 11). 

A virus obtained from red clover (Trijolium pratense L.) and wluch 
produces local necrotic lesions on the small-seeded broadbean (Vida 
jaba var. minor) has been studied in a preliminary way. For pur- 
poses of designation tliis virus is referred to in this paper as the broad- 
bean local-lesion virus. Final naming is reserved until such time 
as the host range has been studied and a more complete description 
worked out. 

METHODS AND TEST HOSTS 

The studies were made in the greenhouse where the temperature 
was usually held at about 25° C. Inoculum was prepared by crushing 
leaves and stems of infected plants in a sterile mortar and then remov- 
ing gross solids by straining through cheesecloth. Inoculations were 
made on young plants by rubbing the leaf surfaces with a cheesecloth 
pad that had been immersed in the inoculum. The percentage infec- 
tion was ^atly increased by the use of carborundum powder, as 
described by Rawlins and Tompkins (21). In these tests, however, 
the carborundum powder was added directly to the inoculum just 
prior to making inoculations. 

The thermal death point determinations were made by pipetting 
2 cc of a 1 to 1 dilution of freshly extracted infective juice into thin- 
walled test tubes. The tubes were stoppered and placed in an agitated 
constant-temperature water bath for 10 minutes at the desired tem- 
peratime, after which the tubes were rapidly cooled in cold running 
water. Inoculations were then made immediately to various test 
hosts. The aging tests were made by storing inocula in stoppered 
test tubes in a darkened cupboard at a temperature of 20° to 22° C. 
The virus extracts were tested at desired intervals by removing about 
2 cc from the storage tubes and inoculating young test plants in the 
usual manner. 

The test hosts used were: A French variety of dwarf edible-pod peas 
secured from a commercial seed company at Moscow, Idaho, under 
the name “Nain mangetout & longue cosse” (Pisum sativum var. 
saecharatum Hort.) ; a mosaic-free strain of Stringless Refugee Green 
beans (Phaseolus vulgaris)] a strain of small-seeded broadbeans (Vida 
faba var. minor)] yellow sweetclover (Melilotus offidnalis)] and the 
Midwest variety of soybeans (Soja max). Each of these hosts was 
foimd to be susceptible to one or more of the viruses studied. The 
thermal death point and aging determinations were usually made on 
two or more different hosts. 

EXPERIMEI^TAL RESULTS 

Tbe differentiation of the viruses considered in this paper was 
based upon symptom expression, varietal susceptibility of peas and 
beans, susceptibility of certain leguminous plant species, and upon 
certain properties of the viruses in vitro. 
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BTMFTOM EXPRESSION 

The differentiation of viruses on the baaia of symptoms may often 
lead to erroneous conclusions, but as long as the ultimate test of virus 
infection must be based upon symptoms of one kind or anothei^ it is 
essential that careful attention be given to a comparative study of 
symptom expression on differential hosts. In this study symptom 
expression has not been confined to the principal host species but is 
also described on other hosts that have been found to be particularly 
well adapted to differentiation. 

Common bean mosaic virus (bean virus 1) produces the common 
mottled and leaf curl s3miptQii^, associated with the seed-home type 
of bean mosaic as shown ih'figur^ i, A, and as described in detail by 
Fajardo (6), Nelson (15), and Pierce (17). 



Fiouhb l.^Bean aad soybean leaver showing symptoms of Infection with oertala viruses. A, Strlngless 
Refuge Oreen bean Infected with bean vltm l; B, Robust bean inieoted with bean virus 2; C Robust 
bean infeoted with white dover virus 1; Midwest soybean, noninooidsted control: Midwest soybean 
infeed with soyb^ virus 1; F, Midwest soybean infected with pea virus 1: 0, Midwest soybean infected 
with the broadbean local-lesion virus. 

The symptoms caused yellow bean mosaic virus (bean virus 2) 
were described fully on differential varieties of bean in a formw pub- 
lication (17); however, a few of tibe important symptoms of diagnos- 
tic value ore repeated here. The first symptom following inocidarion 
of the primary leaves on Stringless Refugee Green beans is a distinc- 
tive droopinp; of the developing trifoliate leaf. The leaflets are 
definitely pomted downward from the point of attachment to ^the 
petiole. Small light-yellow, spots soon develop in the dai^-green 
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background; and the yellowing ipraduallv spreads over more or less 
of tbe surfaces of the 701^ trifoliate leaves, produdng a definite 
yellow mosaic pattern. Figure 1, B, shows typical symptoms on the 
Kobust vaiiely of beans. None of the other viruses tested on beans 
produced the distinctive downward pointing of the young trifoliate 
loftf • I ' ( , ' 1 i 

On certain varieties of peas, bean virus 2 produces a typical mosaic 
pattern (fig. 2, B). The pea mosaic caused by this virus, however, 
was somewhat milder than the pea mosaics caused by pea virus 1 
and pea virus 3, as shown in figure 2, B, C, and D. 

The symptoms produced by enation pea mosaic virus (pea virus 1) 
on peas w(» usually very severe, and consisted of mottling, crinkling, 
and savoyii^ of the leaves and stipules (fig. 3, A). On very sus- 
ceptible varieties like Alderman, necrotic spots appear, accompanied 
by proliferations on the imder surfaces of the leaves, as shown in 
figure 3, B. Since these enations were not found on any plants 
affected with other viruses they are believed to be of especial diag- 
nostic value. _ The pea mosaic of Osborn ( 16 ) is undoubtedly the 
same as enation pea mosaic, since he found enations as a constant 
symptom. This virus is believed to be the same as that causing 
extreme malformation of pods as described by Snyder (^ 6 ). This 
virus also affects soybeans, producing a mottled dark and light-green 
pattern as shown in figure 1, F. 

Common pea mosaic virus (pea virus 3) causes a distinct mottling 
consisting of yellow and green patterns on peas. In figure 2, (7, is 
shown typical mottling symptoms on Alaska peas. This virus also 
produces mosaic mottling on broadbean, red clover (fig. 4, D), and 
yellow sweetclover. No symptoms were produced on oeans. 

White clovOT mosaic virus (white clover virus 1) produces a very 
distinct mosaic on white clover, Tri/olium repens. There is also 
some dwarfing and crinkling as shown in figure 5, A. The symptoms 
on red clover and yellow sweetclover are particularly severe. Dis- 
tinct mottling is accompanied by crinkling of the leaves, and in some 
cases a sfight spot necrosis is evident on red clover leaves (fig. 4, B). 
Yellow sweetaover plants are definitely dwarfed, crinUed, and 
mottled when infected with white clover virus 1. 


Under winter greenhouse conditions a complete necrosis of peas 
was caused by this virus (fig. 5, F). This complete killing was due 
in part to secondary attack by damping-off fungi. Necrosis is caused 
on broadbeans, but usually the plants survive and show a distinct 
mottling together with some malformation and necrotic s^ts in the 
leaves (%. 5, E). White clover virus 1 is also transmissible to beans 
and produces some local vein necrosis on Stringless Refugee Green, 
followed by a diffused yellow mottlmg in the subsequent developing 
leaves. Inis virus does not produce the distinctive droopii^ effect 
on the young trifoliate leaves which is characteristic of inactions 
with bean virus 2. Figure 1, C, shows diffiue mottlmg on the Robust 
variety. Symptoms on alfalfa are mottling and malformation as 
shown in figure 5^ C. 

Soybean mosaic caused by soybean virus 1 is characterized by 
motuing of a more or less mild type imder greenhouse conditions. 
The leaves are usually curled downward and malformed with dark- 
egpeen areae interspersed over a light-green (chlorotic) background. 
Figure 1, E, shows typical leaf symptoms following inoculation of the 




DM.1.USS Ident^caiimofViru8e8Ajffe<^ingLegvmiti<^ 1Q23 






1024 


Journal 0 / Agricultural Besearck 


V(il.Sl,W.U 



FiGtJiUE 3.--Sy]xiptom8 on peas produced by Infection with pea virus 1: A, Naturally infected mosaic pea 
plant from which pea virus 1 was obtained; lower surfaces of leaflets showing enations produced by 
pea virus 1. 
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Midwest variety of soybean. The symptoms and effect on yield 
have been fully describe by Gardner and Kendrick {8,11). 

The broadbean local-lesion virus produces distinct local necrotic 
lesions on the smaU-seeded broadbean, Vida jaha var. minor (fi^ 6, 
A, B). These lesions are a dark chocolate brown in color. The 
virus did not become systemic on broadbean. On peas it caused 'a 
necrosis of the veinlets which was followed by a distinct chlorosis 
and dropping of the leaves. In figure 6, D and E, are shown t 3 rpical 
symptoms on Progress and Horal varieties of peas. The symptoms 
appear first on the lower leaves and then progressively upward, in 



FiauBS 4.— Leaf symptoms produced by three differeot viruses on red clover: Af Noninoculated control; 
B. infected with wldte clover virus i; extreme crinkling and malformation is characteristic; <7, infected 
with bean virus 8; infected with pea virus 3. Note that symptoms produced by beau virus 2 and 
pea virus 3 are very similar. 

some cases killing the plants. More often, however, the disease 
does not affect the upper part of the plants. On soybean this virus 
produces a slight chlorosis, as shown in figure 1, 6. 

RESISTANCE AND SUSCEPTIBILITY IN PEA VARIETIES 

Each of the viruses studied was tested on the following varieties 
of garden peas, Pisum saiimm: Alaska, Perfection, Wisconsin Early 
Sweet, Green Admiral, Surprise, Progress, Alderman, Dwarf Trie- 
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phone, and Horal. These tests were made more for the purpose of 
establishing differences in the Tiruses than in showing differences in 
varietal susceptibility. However, it will be seen that certain very 



FiGUR« 5.— Symptoms on various hosts produced by white clover virus 1; A. Infected white clover; A 
noninoculated white clover; C, infected common alfelfe; D, noninooulated alfalfa; JS; infected smalkieeded 
broadbean; F. infected Nain mangetout ft longue cosse variety of peas showing complete necrosis; O, 
noninoculated peas. 


definite differences in varietal susceptibilit]r were established, which 
may be of value to plant breeders seemng to develop resistant 
varieties. 
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Inoculations were made in tiie regular routine manner; carborundum 
powder was added directly to the inoculum and the leaf surface 
were then rubbed vrith a cheesecloth pad whidi had been immersed 
in the inoculum. No attempts were made to reinoculate plants; 
^us in certain instance in which varieties were not 100 percent 
infected, it cannot necessarily be concluded that the remainder were 
entirely resistant, but rather that they merely escaped infection. In 
table 1 the number of plants inoculated of each variety is given 
together with the percentage infection obtained with the various 
viruses. 



Figure 6.~Bymptoms on various hosts produced by the broadbean local-lesion virus; broadbean 
control, inoculated with water; B, local lesions on broadbean; C, red clover infected with both the broad- 
bean local-lesion virus and bean virus 2; A Progress pea leaves infected with the broad ean local lesion 
virus; Ef Honi pea leaves infected with broadbean looU-lesion virus, note necrosis of veinlets. 

In a previous paper (17) it was reported that the variety Perfection 
was resistant to mfection with bean virus 2. The s^e was found to 
be true in the present investigation; however, certain other varieties 
of peas have been found to be susceptible. Alaska, Green Admiral, 
Alderman, and Dwarf Tdephone were all found to be very sus- 
ceptible (table 1). No infection was secured on Perfection and 
Horal varieties. 

Pea virus 1 was transmitted to all of the varieties of peas tested 
(table 1). The varieties Perfection and Horal, which were found 
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refflstaat to pea virus 3, were stisceptible to infection with pea virus 1. 
On varieties susceptible to both viruses, however, lower percentages 
of infection were secured with pea virus 1 than with pea virus 3. 

The pea varieties tested for susceptibility to pea virus 3 were in 
general more susceptible to it than to bean virus 2; however, thotoost 
susceptible varieties to bean virus 2 were also the most susceptible to 
pea virus 3. Alaska, Alderman, Dwarf Telephone, and Green Ad- 
miral were readily infected (table 1). No infection was obtained on 
Horal and only three plants of Perfection were infected. These three 
plants may well have been admixtures or rogues. 

White clover virus 1 produced necrosis of all the pea varieties tested. 
On the basis of percentage of plants infected, Horal and Perfection 
exhibited the greatest resistance. One hunded percent infection was 
obtained on many varieties (table 1). Infection with this virus 
appeared to predispose plants to attack by damping-off fungi. 

No infection was obtained with soybean virus 1 upon the varieties 
of peas (Pisum satimm) tested. Kendnck and Gardner {11) were 
unable to obtain infection on field peas in their trials. 

The broadbean local-lesion virus was successfully transmitted to all 
the varieties of peas tested (table 1). Only a low percentage of infec- 
tion was obtained on Perfection and Wisconsin Early Sweet. In these 
limited tests Progress was the most readily infected. 

RESISTANCE AND SUSCEPTIBILITY IN BEAN VARIETIES 

Six varieties of beans, Phaseolus vulgaris, were tested for suscepti- 
bility to the various viruses. The varieties tested were: Stringless 
Refugee Green, Idaho Refugee, Wisconsin Refugee, Robust, Common 
Great Northern, and Great Northern UI No. 1. The data are given 
in table 1. 

Stringless Refugee Green and Common Great Northern were 
susceptible to the common bean mosaic virus (bean virus 1). No 
infection with this virus was obtained on Robust, Great Northern 
UI No. 1, Idaho Refugee, and Wisconsin Refugee. 

All varieties were more or less susceptible to the yellow bean mosaic 
virus (bean virus 2). The varieties Robust, Great Northern UI No. 1, 
Idaho Refugee, and Wisconsin Refugee which were resistant to com- 
mon bean mosaic were Mind to be less easily infected with bean virus 
2 than was Stringless Refugee Green. These result are in accord with 
previous findings (17). 

All of the bean varieties tested were susceptible to infection with 
white clover mosaic virus (white clover virus 1). Higher percentages 
of infection were obtained on Stringless Refugee Green than on any 
of the other varieties. The symptoms produced by this virus were 
considerably less severe than those produced by bean vims 2. 

Enation pea mosaic vims (pea vims 1) was not transmissible to any 
of the bean varieties tested. 

No infection on bean varieties was obtained with the common pea 
mosaic vims (pea vims 3). Inoculum from inoculated beans when 
transferred back to peas gave no infection, showing that the vi^ 
was not present and that me beans were immune from infection with 
this vims. 

Inoculations to the six varieties of beans with the common soybean 
mosaic vims (soybean v^us 1 ) failed to produce ^lAptoms. Transfer 
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moculations from inoculated beans back to soybean gave no infection, 
indicating that the virus was not present in beans. 

Only me Stringless Refugee Green variety of beans was tested for 
susceptibility to the broadbean local-lesion virus. In no case was 
infection obtained on this variety. 

BESISTANCK AKO SUSCEPTIBILITY OF CERTAIN PLANT SPECIES 

The following plant species were tested artificial inoculation for 
susceptibility and resistance to each of five vinises; Small-seeded 
broadbean, Vida faba var. minor-, yellow sweetclover Melilotus 
offidnalia; red clover. Trifolium pratense; white clover, T. repens; 
common alfalfa Medieago saliva L.; Midwest variety of soybean, 
8(^a max-, Stringless Refugee Green bean, Phaseolus vtdgaris-, Nain 
mar^etout il, loi^e cosse variety of peas, Pimm sativum var. saccha- 
ralum; Connecticut Havana No. 38 tobacco, Nicotiana tabacum L.; 
and garden petunia. Petunia hybrida Vilm. 

Table 2 . — Summarized teheme for the differentiation of certain viruses affecting 
legume plants^ based on data secured on greenhouse determinations of the resistance 
and susceptibility of certain plant species ^ 


Virus 

Phateolua vulgaris 

Pisum sativum 

Melilotus 

Sda max. 
Midwest 
soybean 

Stringless 

Refugee 

Green 

Robust 

Alaska 

Perfec- 

tion 

oifictnaitii, 

yellow 

sweet- 

clover 

Beau virus 1 

Bean virus 2 

Pea virus 1 

Pea virus 3 

White clover virus 1 

Soybean virus 1 

Broadbean local-lesion virus 

+4*+ 

+++ 


-f+ 

++ 

++ 

+++ 

' +-f 

■f+ 

4-+ 

4-4*4- 

(>) 

4* 

+4- 

4-+4- 

4-4-4' 


1 4 . 4 ^ 4 . ^ignates severe infection, ++ moderate infection, + slight infection, and — designates no in- 
fection. 

1 No data. 


It was the purpose of these tests to establish, if possible, differences 
in the host range of each virus. Obviously the limited number of 
species tested cannot be considered as adequate host-range studies; 
however, it will be seen that the differential susceptibilities of the 
various species to the different viruses is of value dn establislung virus 
identities (tables 1 and 2). Thus the pea mosaic viruses, pea virus 1 
and pea virus 3, are seen to differ from most ^the other viruses in 
being nontransmissible to bean. Pea virus 3 d^rs from pea virus 1 
in bring nontransmissible to the Perfection and Horal varieties of 
peas. Furthermore, in these tests pea virus 3 .yras not successfully 
transmitted to soybean, while pea virus 1 was transmitted readily. 
The broadbean local-lesion virus produced on broadbean only local 
necrotic lesions, thus differentiating it from those viruses causing 
systemic infection on broadbean. The host rai^ of the broadbean 
local-l^on virus has not been studied. Of the five viruses used in 
teftts with tobacco and petunia, none was transmitted, thus establish- 
ing that they were different from the many viruses ^owd to affect 
tobacco and petunia of the fmnily Solanaceae. Many other important 
difference^ in the susceptibility of the various speries may be observed 
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from the results given in table 1 . As a further aid in the identification 
of legume j^lant viruses, a summarized scheme for their differentiation 
on the basis of host susceptibility and resistance is given in table 2. 
As shown in this table, mmy of the viruses may be readily identified 
by making artificial inoculations to a few varieties of peas and beans 
and to yeuow sweetclover and soybean. In a previous paper (/7) it 
was reported that red clover was not susceptible to bean virus 2, but 
in the present investigation in which ^bomndum powder was used 
as an abrasive, a low percentage of infection was obtained on red 
clover. Furthermore, a number of red clover plants brought in from 
the field were found to be naturally infected with bean virus 2. It 
is to be expected that as more adequate methods of artificial inocula- 
tion are developed certain other species listed as resistant to certain 
viruses will be found to be susceptible. It is probable also that the 
natural insect vectors may extend the list of susceptible host plants. 

PROPEHTIES OF TBE VIRUSES 

The thermal inactivation points and redstance to aging in vitro 
were determined'for aU of the viruses studied in the hope of finding 
differences sufficient for a basis of separation and identification. The 
determinations on each virus were made in most cases on two or 
more different hosts. Thus the virus of common pea mosaic (pea 
virus 3) was tested on peas and on broadbean. 'Wherever possible 
the inoculum was secured from the same host species as that upon 
which the determinations were made. The results are tabulated in 
tables 3, 4, and 5. 

Thermal Inactivation Point 
(T ables 3 and 4) 

The thermal inactivation point of bean virus 2 was foimd to lie 
between 58° and 60° C. when heated for 10 minutes. It was pre- 
viously reported (17) at 56° to 58°, but in the present investigation 
an occasional infection was obtained with virus extracts heated at 
58°. 

Pea virus 1 was usually inactivated at 56° C., but in two trials 
infection was obtained ^ter heating at this temperature. No infec- 
tions were obtained in any trial after heating at 58° for 10 minutes. 

Pea virus 3 was inactivated at 62° to 64° C. for 10 minutes in the 
determinations made on both peas and broadl^ans. 

White clover virus 1 was found not to survive the 58° C. heatings 
in tests on sweetclover and peas. In one test on beans this virus 
gave a low percentage of infection following heating at 58°. 

The thermal deaui point determmations on the broadbean local- 
lesion virus were based on the ability of the virus to produce local 
lesions on broadbean. This virus produwd few lesions following 
heating at 60° C. and no lesions after heating at 62° (table 4). 

Soybean virus 1 was inactivated by heating at 58° C. in all tests 
on the Midwest variety of soybean. 


4S6S6— 86 6 
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Tablb Z*‘-^Compan$on of the thermal inadivation pointa of white clover virus 
pea virus If pea virus 5, oean virtis fSf arid soybean virus 1 as determined by systemic 
infection on various hosts 


Pea Bean Soybean 

virus 1 Pea virus 8 on— virus 2 virus 1 
on— on— on— 



1 Numbers are total lesions produced on 20 Inoculated leaves of Vida /aba var. minor. 

Table 5. — Comparative tests on resistance to aging in vitro of white clover virus It 
pea virus It pea virus 5, bean virus S, and soybean virus 1, as determined by 
systemic infection on various hosts 
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The difference in the thermal inactivation points of the various 
viruses, while in most cases small, were in some instances sufficient to 
be of value in comparative differentiation. 

Besistanck to Agino in Vitbo 
(T ables 4 and 5) 

Bean virus 2 was inactivated after aging 24 to 48 hours, which was 
in accord with previous findings (17). 

Pea virus 1 was found to be noniofectious after aging 3 days. 

Pea virus 3 was still infectious after aging 48 hours but failed to 
infect either peas or broadbeans after 72 hours. 

White clover virus 1 withstood agmgs of 5 days, but after this 
length of time symptoms were slower in developii^ than in the con- 
trol tests, indicating that probably the concentration of infective 
virus had been considerably reduced. No infection was obtained 
after aging 7 days. 

The broadbean local-lesion virus and soybean virus 1 were both 
inactivated by aging 3 days. 

The differences in the ability of certain of the viruses to withstand 
aging in vitro are sufficient m most cases to show definitely that 
separate and distinct viruses were concerned. 

EXPGKIMENTS ON VIRUS SEPARATION AND COMBINATION 

A red clover plant taken from the field in 1934 was found to be 
infected with two separate and distinct viruses. One of these was 
the broadbean local-lesion virus (fig. 6, B) and the other has been 
identified as bean virus 2 (fig. 4, C). These conclusions were arrived 
at in the following manner: The original virus infection on red clover 
produced mottling accompanied by some necrosis as shown in figure 
6, C. When the infected red clover was used as a source of inociuum 
and inoculations were made directly to the N ain mangetout k longue 
cosse variety of peas, a necrosis and streaking developed as shown in 
figure 7, A. When inoculations were made direct from red clover to 
the smaU-seeded broadbean, local necrotic lesions developed wdthin 
4 or 5 days; and 4 to 6 days later systemic (symptoms appeared in 
the new growth. Inoculations to peas with the systemic mosaic 
material from broadbe&li as inoculum caused only a mild mottling in 

E eas, as shown in figure 7, B. It seemed probable, therefore, that on 
roadbeans the local lesions were caused by one virus and the systemic 
infection by another, and that the combination of the two viruses on 
peas produced necrosis. The systemic entity on broadbean was 
studied alone, and in tests on Stringless Refugee Green be^s appeared 
to be identical with bean virus 2. The original combination from 
red clover produced only systemic infection typical of that produced 
by bean virus 2 in comparative inoculations to bean. FurUiermore, 
inoculations from bean back to broadbean product only systemic 
infections^ indicating that beans were not susceptible to the local- 
lesion entity. 

The isolation of the local-lerion entity from the combmation on 
red clover was accomplished by making moculations to the Horal or 
Perfection varieties ol peas which are resistant to bean virus 2 but 
susceptible to the local'desion virus. Figure 6, E, shows Horal peas 
infected with the local4esion virus alone. 
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DISCUSSION 

The purpose of the work described in this paper has been prixaaril^ 
to differentiate certain viruses that affect leguminous plants. It is 
hoped ultimately to work out a more complete description of each 
virus which will include host range, properties, transmissibility 
through seed, insect vectors, and occurrence in nature on economic 
hosts. In the meantime it appeared essential to develop short 
methods of identification, so that the virus causing a [particular 
mosaic disease, could be readily identified by making artificial inocu- 
lations to a few differential hosts or by property tests. The necessity 
for such a method of identification can readily be appreciated from 
the frequent use in the literature of such terms, for instance, as the 
virus of red clover mo^ic, without recognition of the fact that there 
is or might be anyone of several viruses capable of causing a mosaic 



Figubk 7.-'Symptoms produced on Nain maneetout & longue cosse peas; A, By combination of bean 
virus 2 and the broadbean local'lesion virus; B, by bm virus 2 uone. 


symptom on red clover. It is realized that the identification of 
certain viruses will, in many instances, be a difficult task, especially 
in cases where two or more viruses are present in the sahi# plant. 
On the whole, however, it is believed that more careful attention on 
the part of workers dealing with legume mosaics to the identification 
of the particular viruses concerned will go far toward clearing up the 
confusion existing in this particular field of virus study. 

A few of the important facts pertaining to various viruses known to 
affect peas and beans have been brought together in table 6, not only 
to ^ow that these hosts may be subject to several different viruses, 
but also to aid in the identification of the viruses. Data on certain 
viruses reported by other workers are included. Under the heading, 
Differential hosts and diagnostic characteristics’', at least one 
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characteristic is giyen -wiierein a specific virus differed from the other 
viruses affecting the same host. Certain differences in the thermal 
death points and resistance to aging in vitro also are of value in 
identifying some of the viruses, it would be pointed out, however, 
that tne tiiermal death points of most of the legume mosaic viruses 
studied were grouped rather closely around 60° 0. This fact may 
be of sigi^cance in the classification of viruses; that is, if the thermal 
death points of certain groups of viruses are found to be correlated 
to some extent with the type of host plant affected, a more or less 
natural grouping may eventually be made. With a view to eventual 
classification, it would appear advantageous to consider the legume 
mosaic viruses, the cane-fruit mosaic viruses, the solanaceous mosaic 
viruses, and so forth, each as separate groups; and to separate and 
differentiate the viruses and the virus strains within each group by 
extensive and intensive comparative studies as to plant species and 
horticultural varieties susceptible, transmissibility by insects and 
by artificial methods, transmissibility through seed, and physical 
properties. 

The transmissibility of the various viruses through seed was not 
studied. However, a large number of seedlings of various varieties 
of peas were grown for inoculation purposes, and it seems significant 
that only a single case of seed transmission was observed throughout 
the course of the study. The virus obtained in this one case of seed 
transmission was studied and named common pea -mosaic virus 
(pea virus 3). 

It may be well to consider here the possible identity of certain 
viruses referred to in the literature. The pea mosaic described by 
Doolittle and Jones (4) and the broadbean mosaic of Bdning (1) 
would seem on the basis of host relationship to have been caused by 
the same virus as the one described in this paper as pea virus 3. This 
may also have been the same virus that Zaumeyer and Wade (33) 
noted on red clover and that they found to be nontransmissible to 
bean. Stubbs ^ was unsuccessful in transmitting his pea virus 2 A, 
B, C to- red clover, and therefore considered his strains as distinct 
from those of Doolittle and Jones (4), Boning (1), and Zaumeyer and 
Wade (33). It must be admitted, however, that the symptom 
expression of Stubbs’ pea virus 2A is strikingly similar to that of pea 
virus 3. There can be little question but that the pea mosaic virus 
of Osborn (16) was the same as the virus later described by Stubbs 
and refemd to in this paper as pea virus 1. 

The viruses affecting certain legume hosts which Zaumeyer and 
Wade (33) found to be transmissible to beans may have been either 
bean virus 2, white clover virus 1, or both. The alfalfa mosaic virus 
of Zaumeyer and Wade (33) which produced only necrotic local lesions 
on bean was probably the same virus as that described by the writer 
in a previous paper (17) as alfalfa virus 2. The alfalfa mosaic virus 
which Weimer (29) found to be nontransmissible by artificial means 
should in all probability be considered as a separate and distinct 
virus. Henderson’s (9) new virosis of sweetclover which he found to 
be transmissible to tobacco and petunia but which differed from the 
tobpcco ring spot virusj must have been caused by a virus distinct 
from any studied in this investigation since none of the latter was 
found to be transmissible to tobacco. 


7 Stubbs, M« VV'* See footnote 4. 
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The broadbeon local-lesion virus described in this paper which tends 
to produce streak symptoms on peas, especially when in combinarion 
wiui. other viruses, may or may not be the same as Linford’s (llB) 
streak. A further study of the host range of this virus would un- 
doubtedly give significant evidence one way or the other. 

It seems to be sufficiently evident from these investigations that 
many leguminous species are susceptible to several different viruses. 
Further progress in and understanding of the viroses of legumes is 
dependent, therefore, upon recognition of this fact, and upon com- 
prehensive studies of the viruses themselves as well as of the diseases 
caused by them. 

SUMMARY 

The investigations reported in tl^ paper were concerned primarily 
with the differentiation and identification of seven viruses affecting 
leguminous plants. The viruses studied were: The common bean 
mosaic virus (bean virus 1) ; the yellow bean mosaic virus (bean virus 
2); a white clover mosaic virus (white clover virus 1); enation pea 
mosaic virus (pea virus 1); common pea mosaic virus (pea virus 3); 
the common soybean mosaic virus (soybean virus 1); and a virus 
obtained from red clover which was designated as the broadbean 
local-lesion virus. Differentiation was based upon symptom expres- 
sion on differential hosts, varietal susceptibility of peas and beans, 
susceptibility of certain leguminous plant species, and upon certain 
pr^erties of the viruses in vitro. 

For practical purposes of identification the most significant differ- 
ences between wuses was found in their host ranges and in varietal 
susceptibility of peas and beans. Pea viruses 1 and 3 were not trans- 
missible to beans by the artificial inoculation methods used. Differ- 
entiation of pea virus 1 from pea virus 3 was made on the basis of 
resistance and susceptibility of pea varieties and upon differences in 
host range. Pea virus 1 infected soybean while pea virus 3 did not. 

Bean virus 1 and bean virus 2 were readily differentiated on the 
basis of susceptibility and resistance of bean varieties. Bean virus 2 
was transmissible to certain varieties of peas. 

White clover virus 1 was differentiated from the other viruses 
studied on the basis of its ability to infect all varieties of beans and 
peas tested, and on the basis of symptom expression. 

The broadbean local-lesien virus differed from all the other viruses 
studied in its ability to produce local necrotic lesions at the point of 
inoculation on the small-seeded broadbean. 

Soybean virus 1 appeared to be specific to soybean, no infection on 
other species bein^ obtained. 

The differences m host ranges of the various viruses were supported 
in part by differences in symptom expression, differences in longevity 
in vitro, and in some casra by slight differences in the thermal death 
points of the viruses. 

The differences established were believed to be sufi&cient to allow 
for the recognition of these viruses by other investigators. 
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THE VITAMIN :A, B, C, D, AND G CONTENT OF THE 
OUTER GREEN LEAVES AND THE INNER BLEACHED 
LEAVES OF ICEBERG LETTUCE* 

By Hazel E. Munsell, senior nutrition and Mary H. KennedYi assistant 

scientific aid. Foods and Nutrition Divisiony Bureau of Home Economics, Uhiied 
States Department of Agriculture 

INTRODUCTION 

The association of vitamin A with greenness of plants has been a 
subject of much interest almost since the discovery of this vitamin. 
In 1925, studies were begun in the Bureau of Home Economics to 
determine the vitamin A content of the outer green leaves and the 
inner bleached leaves of Iceberg lettuce, a variety of Laduca saiiva. 
While the results of this study were being prepared for publication 
the report of Dye, Medlock, and Crist (3) * on the association of 
vitamin A with greenness in plant tissues appeared. Publication 
was therefore delayed, and the studies were extended to include 
vitamins B, C, D, and G. The present report covers all of these 
studies, although some of the evidence obtained merely corroborates 
the findings reported by other invest^ators. 

The tests were completed before the International vitamin standards 
of reference became available for general use. Inasmuch as the pur- 
pose of the study was to detennine the relative vitamin potency of 
the green and the bleached leaves, the results are stiU valid even 
though they cannot be interpreted in terms of International units. 

MATERIAL 

All tests were made with Iceberg lettuce purchased on the Wash- 
ington retail market. Most of it was grown in California. The 
inner bleached leaves were from the head as it is offered for sale by 
the retailer, care being taken to discard all leaves showing an appreci- 
able amoimt of greenness. The outer green leaves were those gen- 
erally trimmed from the head before it is sold. These were secured 
regmarly by a special arrai^ement with the grocer. As soon as the 
lettuce was received it was carefully washed and stored in a covered 
receptacle in the refrigerator until it was to be used. The excess 
water was patted off wim a dry towel before the portions for the rats 
were weighed. The thick part of the stem at the base of the leaves 
was discarded. 

PROCEDURE AND RESULTS 

VITAMIN A 

The vitamin A tests were made by the Sherman-Munsell technique 
(7). The basal diet was irradiated to supply vitamin D. The green 
leaves were fed at levels of 0.0125, 0.025, 0.05, 0.1, 0.2, and 0.8 g per 

1 Received for publication Aug. tO, 1935; issued February, 1936. 
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rat 6 times per week, and the bleached leaves at levels of 0.4, 0.8, and 
1.2 g. The results, given in table 1, indicate that the green leaves 
contained about 34.5 Sherman units per ^am while the bleached 
leaves contained only 1 unit per gram, il&amer and her associates 
(5) in 1929 reported results indicating that the green leaves were 30 
or more times as rich as the bleached leaves. 

Table 1. — Vitamin A content of Iceberg lettuce 


Leaves fed 


Outer green. 


Inner bleached. 


Quantity 


Average 
gain in 
weight of 
rats during 
8 weeks 

Standard 

Estimated 

quantity 

fed per rat 

6 times per 
week 

Rats used 
in test 

error of 
mean 
gain of 
rats 

of lettuce 
to give 26 g 
gain in 

8 weeks 

Oram 

Number 

Oramt 

Orame 

Oram 

0.0125 

7 

»8.7 

2.7 


.025 

11 

22.1 

3.7 


.05 

.1 

6 

7 

89.5 

55.3 

5.6 

9.0 

0.020 

.2 

6 

73.2 

8.6 


.8 

6 

66.0 

12.6 


.4 

7 

5.2 

7.7 


.8 

14 

22.7 

3.6 

1.0 

1.2 

13 

27.9 

3.3 



Vitamin A 
units 
(Sherman) 
per gram 
of lettuce 


34. P 


1.0 


I Average of 6 surviving animals. 


VITAMIN B 


Tests for vitamin B were made according to the method described 
by Chase and Sherman (2 )^ . Rats, weaned at the age of 4 weeks, were 
given the vitamin-B-free diet. At the end of 2 weeks they were placed 
m individual cages and allotted portions of lettuce as their only source 
of vitamin B (Bi). 

A short time before these tests were begun a new colony of rats 
had been established in the laboratory from a few animals obtained 
from the Wistar Institute. This colony was maintained on the same 
stock ^et as the regular colony established some 10 years ago from 
which animals are ^awn for vitamin B and vitamin G tests. One 
assay was made with, young rats from this new colony (B) in order 
to check their behavior when under test. The other assay was made 
with nnimiila from the regular stock colony (A). The results of both 
assays are shown in table 2. 

Tne green leaves were fed at levels of 2, 4, and 6 g and the bleached 
leaves at levels of 1, 2, 4, and 6 g in the test with rats from colony A. 
In the second series with rats from colony B, both the green and 
bleached leaves were fed at levels of 2, 4, and 6 g. With one exception 
where only one female was used, each group of animals on the different 
levels of lettuce contained the same number of males and females. 
Furthermoro, for the most part each individu^ of a group on any one 
level of a given kind of lettuce was paired with a htter mate of the 
same sex in the groups on the other levels. These precautions are 
essential to the derivation of Sherman units, and also make more valid 
the comparison between the results obtained with the green and 
bleached leaves. 
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Table 2.—Vitanin B conterU of Iceberg Utiuee 



> M»male and F>(emale. * Average of 8 surviving animals. 


In the test with animals from colony A the ratio of potency of 
green leaves to bleached was 0.80, while m the second test it was 0.69. 
This is a rather close agreement considering the variability of results 
obtained by the biological method. In 1931 Kohman, Eddy, and 
Qurin (4) reported findings indicatii^ that the outer green leaves 
were appreciably richer in the vitamin B complex than the inner 
bleached leaves. 

VITAMIN c 

Tests for vitamin C content, conducted according to the technique 
of Sherman, LaMer, and Campbell (d), were made at two different 
times. In the early tests the levels of lettuce fed to the guinea pi^s 
were 6, 12, 15, 18, and 21 ^ per day. The results indicated that 21 g 
might be near the mininium protective dose, but the limited data 
obtained did not warrant formii^ definite conclusions. The assays 
have, therefore, ^een repeated recently with daily feedings of 16, 18, 
and 21 g. The resiUts of the tests at these levels are given in table 3. 
All animals survived the full 90 days of the test penod. The mini- 
mum protective dose of the green leaves seems to be sightly more than 
21 g and of the bleached leaves about 21 g. Kohman, Eddy, and 
Qunn ( 4 ) have reported the minimum protective dose as between 16 
and 25 g. They state that there is very little difference between the 
green and the bleached leaves. 
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TabliI! 3 . — Vitamin C conie ni of Iceberg UUuce 


Quantity 
of lettuee 
fed per 
guinea 
pig 6 times 
per vreek 
(grams) 


IS.. 


J8.. 


Tests with outer green leaves 


Guinea pig 
no.i 


B28M. 
B31M. 
42 M.„ 
53 M.,. 
356 M.. 
377 F... 
383 M., 


Average... 


/65M-. 
66 M„ 
,59 M„ 
80 M., 
84 M-. 
367 F., 
365 M. 

378 F.. 

379 M. 


Average.. 


82 M-. 
86 M„ 
364 F.. 
371 M. 


Average... 


Total 
gain in 
weight 

guinea 

A 

90 days 


Orams 

220 

260 

25 

72 

366 

161 


208.6 


-23 

118 

135 

108 

369 

253 

20 

279 

345 


178.2 


349 

316 

53 

222 


235 


Degree of 
scurvy 


Trace 

Mild 

do 

Moderate. 

Trace 

Moderate. 
Trace 


Moderate. 

Mild 

do 

Trace 


Trace 

Mild 

Trace 

— do 


Moderate. .. 


Moderate. 
Trace 


Scurvy 

score 


3.5 

5.5 
8 

2 

3 

7 

2 


4.4 


13 

2 

1 i 

3 

2 
2 
7 

4 
1 


3 9 


0.6 

0 

9 

3 


3.1 


Tests with inner bleached leaves 


Guinea pig 
no.^ 


B26 M. 
B33M. 
B34M. 
43 M... 

365 F... 

366 M.. 
376 M.. 
382 F.... 


67 F.. 
83 M. 


364 M, 
373 F.. 
380 F.. 


81 F.... 
86 M.- 
89 F... 
368 F... 
372 M.. 


Total 
gain in 
we^ht 

guinea 

A 

90 day*! 


Orame 

348 

226 

171 

196 

120 

145 

204 

179 


198.6 


191 

264 


363 

288 

211 


263.4 


267 
246 

268 
166 
341 


255.4 


Degree of 
scurvy 


None 

Moderate. 

....do 

Trace 

do 

—.do 

Mild- 

None 


Mild.. 


Trace. . 
— do.. 
do.. 


None.. 

Trace- 


Scurvy 

score 


0 

11.5 

3.5 

2.5 
3 

2 

5 

0 


3.4 


1.6 

7 


2 5 


2.5 

0 

0 

0 

2 


.9 


J M=»male and F«feniale. 


VITAMIN D 


The vitamin D tests were made by the usual line-test technique. 
Rats 28 days old were placed on a Steenbock yellow-com low-phos- 
, phorus ration until they developed severe rickets. They were then 
given nine daily feedings of lettuce. At the end of the ninth day 
they were killed and the line test was made. The lettuce was feu 
at levels of 2, 3, and 4 g and one rat received 6 g. No healing was 
produced even at the 5-g level. This would seem to be sufficient 
evidence that lettuce does not contain detectable amounts of vitamin 
D. 

VITAMIN G 

The vitamin G tests were made according to the technique worked 
out in this laboratory. It is practically the same as the method 
described by Bourqmn and Sherman (/), excejit that an alcoholic 
extract of nee polishings is used as a source of vitamin B. In thrae 
tests as in the vitamin B tests, two assays were made, one mth 
animals from colony A and the other with animals from colony B. 
In the first test the outer green leaves were fed at levels of 0.5, 1, and 
2 g and the inner bleached leaves at levels of 1, 2, and 4 g. In the 
tests with animals from colony B both kinds of leaves were fed at 
levels of 2, 4, and 6 g. As in the tests for vitamin B, care was taken 
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to have equal numbers of males and females in each ^up of animals 
on the different levels of lettuce, and as far as possible to have the 
groups fed one kind of lettuce contain a representative of the same 
sex from each litter of test animals used. 

In these vitamin G assays very different results (table 4) wore 
obtained with the rats from the two colonies. In the first test made 
during the late summer and fall the green leaves assayed 0.46 Sherman 
unit per gram and the bleached leaves 0.24 unit per gram. In the 
second test made in spring and late summer the ^een leaves gave a 
value of 1.18 units and the bleached leaves 0.67 unit per gram. 
The ratios between green and bleached for the two tests were respec- 
tively 1.91 and 1.76. Thus the relative potency shown by the 
results of the two tests was veiy similar although the absolute values 
were very different. More recent work in this laboratory has cor- 
roborated this variable behavior of rats from different colonies when 
they are confined on a vitamin-G-deficient diet. Of course there is 
a possibility that the differences may have been due to seasonal 
variation in the vitamin content of the lettuce although there are 
no data to substantiate this. 

Table 4. — Vitamin f! content of Iceberg lettuce 



SUMMARY 

The outer green leaves and the inner bleached leaves of Iceberg 
lettuce {Lactuca sativa) were assayed for vitamins A, B, C, D, and G. 

The vitamin A content was derived as 34.5 units (Sherman) per 
gram in tiie green and 1 in the bleached leaves. 

Two assays for vitamin B made with test animals from two different 
colonies showed values of 0.24 and 0.27 unit (Sherman) per gram for 
the green and 0.30 and 0.39 for the bleached leaves. 










1046 


J&umal of Agrkvlhiral Beoearch 


ViSL U, to. 11 


The vitamm C test indicated that the minimum protective level 
for the green leaves was slightly more than 21 g. Very nearly com- 
plete protection was obtained with 21 g of the bleached leaves. 

Vitamin D could not be detected in either the green or the bleached 
leaves; although quantities as high as 5 g per day were fed to the test 
animals. 

Vitamin G assays, likewise made with animals from two colonies, 
showed in the one case 0.46 unit (Sherman) per gram for green leaves 
and 0.24 for the bleached. In the other t^t the values were 1.18 
and 0.67 respectively. The ratios of potency of green to bleached 
leaves in the two tests, however, were 1.91 and 1.76. 
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INTERSPECIFIC HYBRIDIZATION IN GOSSYPIUM AND 
THE MEIOTIC BEHAVIOR OF Fi PLANTS* 


* By J. M. Wkbber 

Anaoctate eylolc^t, Division of Cotton and Other Fiber Crops and Diseases, Bureau 
of Plant Industry, United States Department of Agriculture 


INTRODUCTION 


The present study deals -with Fj hybrids between and within the 
following five morphologically distinct groups of Ooasypiwn; (1) Culti- 
vated Junerican species; (2) wild American species; (3) cultivated 
Asiatic species; ^4) a wild Australian species, G. stwrtii F. Mueh.; and 
(6) a wild American plant, Thurberia thespeswides A. Gray, possibly 
congeneric with Goaaypium. Each of these five groups, with one 
exception, has the haploid chromosome number 13 ; m the cultivated 
American group, the haploid chromosome number is 26. The scien- 
tific and economic importance of the groups is indicated by the rapidly 
increasing amount of literature dealing with them. 

Previous cytological studies of Oossypium have shown the relation- 
ships and possible origin of the species in several groups. Skoysted 
(2Sy points out that Lawrence (18) suggests the possibility that Asiatic 
cottons are secondary polyploids. Lawrence’s conclusions are based 
upon the chromosome association depicted by Denham (18, p. S67) and 
the complex inbreeding results obtained by Harland (18, p. 376). 
The occurrence of trisomes in a haploid cultivated American cotton, 
together with genetical data, led Skovsted to support Lawrence’s 
assumption. Skovsted offers two alternative explanations of the origin 
of certain Asiatic species: (1) The doubling of chromosomes following 
the “crossing of two different but closely allied 7-chromosome species 
with the same 6-chromosome species ’’ and (2) the doubling of a comple- 
ment “composed of two similar sets of 6, and one chromosome appear- 
ing a third tune.’’ 

During meiosis interspecific Asiatic hybrids have generally been 
reported to form 13 pairs of obromosomes and to exhibit normal cyto- 
lo^cal behavior (f , 4). Skovsted (23), however, records a decrease in 
the number of chiasmata in each pair of chromosomes and a very slight 
irregularity in first anaphase distribution. In a triploid Asiatic hybrid 
Skovsted found that polysomes up to septivalents were formed. 
Skovsted ’s findings demonstrate that autosyndesis occurred between 
the chromosomes m a haploid set, and further support the assumption 
that Asiatic species are of polyploid nature. 

Davie (3) suggests that the chromosome complement of Gossypium 
herhaeeum L. is derived from the basic number 7. In support of his 
assumption he points out that two of the somatic chromosomes are 
longer than the rest and that secondary chromosome association and 

1 lUoetved fbr publioatioii July 19» Issued February 1086. 
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quadrivatent chromosomes occasionally occur during meiosis. He 
states {S, p. 63): 

The origin of the genus Qoatypium appears to Iiave involved tetraploidy on a 
basis of 7 followed hy fusion of two pairs of ohromosomes into one pair, thus 
nviiw n°= 13 as the fundamental number for the genus. From those so-called 
‘‘diploid Asiatic cottons”, which are really modified tetraploids, have arisen the 
so-called ‘‘tetraploid American cottons”, which are phyiogenetically modified 
octoploids. The “tetraploid” American cottons have not necessarily a common 
ancestor. Amphidiploidy has probably occurred in the different hybrids wliich 
result from crosses between various related ancestral diploid species. In this 
way the American cottons, with 2n— 62, may have arisen from separate ancestors. 

Baranov (i ) found chromosome distinctions within the somatic com- 
plement of both Asiatic and cultivated American sp^ies. Skovsted 
(;?4) .reports that half of the chromosomes of the cultivated American 
species are small and the other half larger. The .^atic and the Aus- 
tralian species have chromosomes comparable in size to the larger ones 
occurring in the cultivated American species, and the small chromo- 
somes of the latter species are of the same size as those found in wild 
American species. Skovsted further records th at 2 of the chromosomes 
of the cultivated American species and 4 of those of the Asiatic species 
have satellites. 

The double chromosome number found in cultivate<l American 
species suggested to Longley (/.9) a duplication of the cliromosomes of 
an anc/cstrtu type. Ijongley believes that his assumption is supported 
by the breeding results obtained in Asiatic and cultival<‘d American 
species (cf. Matsuura, 20). Longley also suggests that the high 
chromosome number of the cultivated American species possibl.y arose 
through hybridization. Five species, GoKsypium sfocknii Mast, 
(wild Asiatic), G. sturtii (Australian), G. damdsonii Rell^g (wild 
American), G. harknessn Brandeg. (wild American), and Thurberia 
thespesioides, are listed by Longley as probably most closely representing 
the ancestral type of species involved in the origin of cultivated Amer- 
ican species. The occurrence of ouadrivalent chromosomes and appar- 
ently of secondarily paired bivalents in cultivated American species 
led the writer {27) to support I^ngley’s suggestion. 

In general, interspecific cultivated Amencan-Asiatic hybrids have 
been reported to form 13 univalent and 13 bivalent chromosomes dur- 
ing the first meiotic division (/, 21). Skovsted {24), however, 
records the frequent occurrence of ^lyvalents, with a conjugation as 
great as hexavalents. He also points out that in a triploid Asiatic- 
cidtivated American hybrid (3n=52) the meiotic chromosome con- 
jugation is the same as that found in the triploid Asiatic h,ybrid, 
except for the addition of 13 univalent chromosomes. Tliis chromo- 
some behavior and the fact that at least 13 univalents are always 
present in both 2n and Zn hybrids between cultivated American and 
cultivated Asiatic species led Skovsted to conclude that the pairing 
in the 2n hybrid was due to allosyndesis. 

On the basis of the two groups of chromosomes found in the culti- 
vated American species, togetner mth the .type of pairing (allo- 
jyndesis) in cultivated Amencan-Asiatic hybrids, Skovsted concludes 
bnat the cultivated American species are allopolyploids. He suggests 
that one of the parental species was an Asiatic cotton or closely ^ied 
bype, while the other was probably a wild American species character- 
ized by 13 smaller chromosomes. 
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In a recent note tlie writer (S8) set forth the essential cytological 
features of sereral interspecific hybrids in cotton. Since the cyto- 
logical behavior of these hybrids bears upon the relationships dis- 
closed in the preceding paragraplis, it appears desirable to give a 
more detailed account of their behavior. Additional data from new 
hybrids give further indications of phylogenetic relationships. 

PARENTAL SPECIES AND VARIETIES 

The plants used for this study were from the collection of living 
plants of the tribe Hibisceae of the family Malvaceae at the Rubidoux 
Laborator;^^, Riverside, Calif. Although numerous additional species 
and varieties were cross-pollinated, only the parents of crosses that 
yielded Fi plants are listed.* 

Cultivated American group (n=26) 

Gos»ypium hirttuium L. (723)^ 

commercial vars. Aoala (W 24) aiwl Rowdeii (W 12) 

G. contexium Cook and Hubbard (542) 

G. punctatum Schutu. and Thom (437) 

G. achotlii Watt (672) 

G. barhadense L. (W 5) 

commercial var- Pima (W 23) 

Wild American group (n 13) 

G. damdHonii Kellogg (101) 

G, harkneftnii Brandeg. (861) 

G. annouriaintm Kearney (867) 

Cultivated Asiatic group (n 13) 

G. arboreum L. 

Taxonomic vars. Hanguineum Watt (787) and neglectuni Watt (785) 

G, africanurn Watt (419) 

G. herbaceum L. (743) 

Wild Australian species (w— 13) 

G, alurtii F. Mucll. (632) 

Wild Arizona species (n=13) 

Thurberia theapeaioidea A. Gray (112) 

The species and varieties listed are described by Watt (86), Oakley 
(82), Cook and Hubbard (2), Harland (10), and Kearney (12, 15, 
16). Their meiotic chromosome behavior is described by Webber 
(27) and Ixingley (19). 

INTERSPECIFIC HYBRIDIZATION 
METHOnS 

# 

In general, the method employed in making cross-pollinations was 
similar to that described by Kearney and Porter (17). The flowers 
of the pistillate parent were emasculated the evening before anthesis 
and were enclosed in bags. The same evening, the flowers of the 
staminate parent were prevented from opening by means of a spirally 
twisted wire. The next morning, immediately after anthesis, cross- 
pollinationB were made. In the majority of cases the latter process 
was accomplished before untreated flowers of the staminate parent 
were completely expanded. Immediately after pollination the pro- 
tective bags were replaced. These bags were removed approxi- 
mately 30 hours later, at which time the stigma is apparently no 
longer receptive. 

s In view of the oonfuslon prevailing in the taxonomy of the cultivated cottons, it is not assumed that aU 
of the sp^ee listed here are valid. 

< The numbers in parentheses following the names dt the SMoies and varieties are those under which 
the seeds are cataloged by the Division of Cotton and Othar Fiber Crops and Diseases, fas esgilslned by 
Webber {$7), 
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In order to increase tlie percentage of successful cross-pollinations, 
several cotton breeders have developed special methods. These 
methods mainly involve the application of chemical solutions to the 
sti^a or the treatment of the stigma with extracts of pollen, stigmas, 
and petals. The writer has tned several of the most promising 
methods and in general found that the application of chemicals or 
extracts to the stigma ^d not materially mcrease the percentage of 
successful cross-pofiinations. The reported success obtained by such 
methods (5) is undoubtedly partially due to the development of 
parthenocarpic capsules. In cross-pollinations involving certain 
species and forms of cotton, the development of capsules which prove 
to be nothing more than empty shells is quite characteristic. 

Doak (6) describes a method of emasculating cotton flowers which 
has proved very successful. It involves the splitting of the staminal 
column with^ the finger nail and pulling off the entire corolla and 
androecium in a single piece. This method leaves the pistil com- 
pletely exposed and prevents it from being ruptured dunng normal 
shedding of the corolla. The method undoubtedly makes the stigma 
receptive to pollen over a longer period and prolongs the period of 
pollen-tube growth. The method was first suggested by Zaitzev (29) 
and has been successfully employe«l by the writer for several years. 

Data riven in table 1 indicate that the percentage of successful 
cross-pollinations depends on the time of day when the pollinations 
are made. The higher percentage of successful . cross-pollinations 
obtained between 8:30 and 10:30 a. m. was undoubtedly due to the 
use of fresh pollen. In certain cotton species Kearney (13) has shown 
that the viability of the pollen “increases rapidly beWeen 8 and 9 
a. m., and shows a gradual decline after midday.'^ Other data given 
in table 1 show an increase in the percentage of successful cross- 
pollinations in late summer, which may be due either to weather 
changes or to a physiological change witmn the pistillate parent. 

Table 1. — ReaulU of crot»-pollinalion» in cotton made (/) in the morning and in 
the afternoon and (Jl) early and late in the season 


Tlmfl of crow- 
rmllination 

^'otal 

(TOSS- 

IKillioa- 

lions 

Huroessful (Tcks- 
imllinations 

Tinio of cross- 
IH)1)malion 

Total 

cross- 

t)oIUna* 

tions 

Successful eniss- 
|K)lli nations 

8:30-10 30 a ni 
l~3p m 

Number 

215 

100 

Number 

28 

8 

Pereeui 

13 m 
8.00 

May 15-July 31 

Aug. l-8epl. 30_ . 

Number 

180 

120 

Number 

17 

10 

Percent 

0. H 
14 73 


In table 2 is given the number of cross-pollinations made within or 
among the five groups of species of Oosaypium. In each of the combi- 
nations, except Thurberia theapeaioidea X Goaaypium s/urfw, several 
species of one or both groups were involved. The table also gives the 
percentage of successful cross-pollinations, the number of seeds ob- 
tained, and the percentage of germination of the seeds of cross- 
polUnated Fi plants. 

Table 2 shows that in most of the combinationB cross-pollination 
.was fairly successful. The correlation between the degree of relation- 
ship of the species involved and the success of cross-pollination is 
discussed later. 
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TABtB 2,~-^Re»vM$ of erott-poUincMona within and among the five group! of ipeeia 

ofOoiiypium 


Combination 


Cultivated Anierioan X cultivated American 

Cultivated American X Q. tiurtii 

Wild American X O. tturtii 

Asiatic X O. tturtii - 

Cultivated American X wild American 

Asiatic X wild American 

Wild American X wild American 

Asiatic X Asiatic 

Cultivated American X Asiatic. 

Cultivated American X Thutberia ihespetioidet 

T. thetpetioidct X 0. tturtii 

Total or average 


Total 

cross- 

ftolllua- 

tions 

Success- 
ful cross- 
pollina- 
tions 

Seeds 

from 

cross- 

poUina- 

tions 

Number 

Percent 

Number 

Id 

saoo 

1A4 

11 

18.18 

38 

20 

30.00 

63 

25 

12.00 

10 

27 

18. 52 

56 

17 

5.80 

S 

5 

20.00 

13 

»A 

11.11 

49 

126 

3. 10 

6 

23 

4.35 

2 

10 

10.00 

11 

315 

11.43 

417 


Germi- 
nation I 
of seeds 
from ^ 
cross- 
I)ollina- 
tions 


Percent 


(>) 

C) 

C) 


41 


I Except in oases otherwise noted, this percentage is based upon 10 seeds placed between moist cotton at 
I* C. 

* 4 seeds tested; no germination. 

* 2 seeds tested; no germination. 

* 1 seed tested; no germination. 


DESCRIPTION OP HYBRIDS 

The following interspecific hybrids have been grown to maturity: 

Hybrids within the cultivated American group (n=26): 

W 47. — CrossypiuM hirnutum (W 24) X punctatum (437) 

W 50. — hirautum (723) X (*• harbadenae (W 23) 

W 51- -G. cmtextuin (642) X 0. aehotiii (672) 

W 46 and W 49. — G. harbadenae ( W 23) X Q. achoiiii (672) 

W 54 and W 63. — G. barbadenae (W 5) X G. punctatum (437) 

Hybrids witliin the cultivated Asiatic group (n— 13): 

W 46.-6'. arhoreum var. aanguineum (787) X 6. africanum (419) 

W 48.^ — G. herbaceum (743) X G, arhoreum var. neglectum (786) 

Hybrids within the wild American group (n— 13): 

W 41.- — (t. harkneaaii (861) X G, armourianum (867) 

Hybrids between the cultivated American group (n=26) and the wild 
American group (n=13): 

W 43 and W 34.-6. hirautum (W 24) X G. armourianum (867) 

W 66. — G. conteztum (642) X 6. armourianum (867) 

W 38 and W 36. — 6. harbadenae (W 6) X 6. harkneaaii (861) 

Hybrids between the cultivated American group (n=26) and the wild 
Australian species (n=l8^: 

W 67 and W 33.-6. barbadenae (W 6) X 6. aiurtii (632) 

Hybrids between the wild American group (n=13) and the wild Australian 
species (»— 13): 

W 39, W 62, and W 36.- — 6. aturtii (632) X 6. harkneaaii (861) 

W 40.* — 6, aiurtii (632) X 6. armourianum (867) 

W 69. — 6. damdaonii (101) X 6. aturtii (632) 

Hybrids between Thurberia (n=13) and the wild Australian species (w==13): 
W 68. — Thurberia theapeaioidea (112) X Goaaypium aturtii (632) 

The following interspecific hybrids did not reach maturity: 

Hybrids between the cultivated American group (n=26) and Thurberia 
(n-13): 

W 44. — Goaaypium hirautum (W 12) X Thurberia theapeaMdea (112) 

With the exception of Ooasypium hirmtum X Thwheria iheapeBioidea 
all of these Fi l^brids flowered freely. The hybrids between species 
within a group are self-*fertile and produce seed when fecundated with 
pollen of either parental species; alsO| both parental species are fertile 
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with tlie hybrid pollen. Such hybrids oxlubit considerable hybrid 
vigor. The hybrids between species of different groups, on tlie con- 
trary, are perfectly sterile and produce no seed when backcrossed to 
either parent. The parents also are sterile to the hybrid pollen. 
Witli tlie exception of 6. hirmtum X T. thespesioides all of these 
hybrids are exceedingly vigorous. 

In several instances, the individuals of a hybrid between a pair of 
species exhibited variation in certain characters. Since other hybrids 
involving one or the other of the same parental species exhibited 
similar variations, it may be supposed that the common parent was 
heterozygous. In order to prevent repetition and complications in 
the following descriptions, such variations and numerous minor 
characteristics of the hybrids are not described.® 

Gossypium hirsutum X punctatum, — Plants hirsutumAike in all characters, 
sparsely hirsute on the young stems and petioles. Petals very pale yellow, 
anthers pale vellow as in punctatum. Bolls with 4 to 5 locales, large, nearly 
pointless, with or without very short apical furrows. Growth habit somewhat 
prostrate. 

Gossypium hirsutum X harhadense. — Typical of this combination in Fi. Petals 
large, martins yellow, with rather faint, striate spots. Pollen empire yellow. 
Bolls large, somewhat pointed, smooth. 

Gossypium coniextum X schottii. — Stems, petioles, leaf veins, and involucel 
very dark purple. I^eaf blades deeply and narrowly lolied. Petals spotless, 
lighter than martins yellow. Anthers approximately e®mi)iro yellow. Bolls witli 
four locales, somewhat taper-poink^d, very smooth, with short but pronounced 
apical furrows. 

Gossypium harhadense X sehoitiir- Plants glabrous or nearly so, except on very 
young parts. Stems dark purple. Leaf blades dee])ly and narrowly five-lobed. 
Calyx with merely undulate margin and many oil glands. Petals pale green- 
yellow, distinctly' spotted. Pollen between empire yellow and lemon-chrome. 
Bolls mostly with four loculcs, pointed, rather deeply pitted, with short but 
pronounced apical furrows. 

Gossypium harhadense X punctatum. — Plants much as in G. hirsutum X harha- 
dense Fi, nearly glabrous except on the very young parts. Petals approximately 
martins yellow, with rather faint striate spots. Pollen near empire yellow. Bolls 
with 3 to 5 locales, their surface smooth and light colored. 

Gossypium arhoreum var. sanguineum X afriranum. — The characters of both 
parents are about equally represented in this hybrid. Young stems, petioles, and 
}X)duticles very hirsute. Older stems dark brown. Leaf blade more like that of 
sanguineum^ deeply lobed, with relatively narrow acuminate lobes. Involucels 
like sanguineum in having bractlets of more triangular shape but deeplv laciniate 
with setose-tipped teeth as in africanum. Petals ruffled on the outer edge, nearly 
as large as in africanum^ approaching sanguineum in color (pomegranate-purple), 
but shading to yellowish around the spot rather than, as in sanguineum^ to 
whitish. Spot intense bordeaux color. Anthers near xanthine-orange. Bolls 
mostly with three locales, oblong-ovoid, short-pointed, smooth, reddish where 
exposed. 

Gossypium herhaceum X arhoreum var. neglectum. — Older stems nearly black; 
twigs, petioles, and peduncles hirsute. Leaf blades much nearer neglectum in 
shape. Involucel resembling neglectum in its more triangular bractlets with 
slenderer, more setose teeth, the bractlets connate near base. Calyx like herhaceu m 
in its undulate or very short-dentate margin, the teeth deltoid and not, as in 
neglectum^ setose-tipped. Petals approaching neglectum in size and sha|>e and in 
the larger size of the very intense spot; between martins yellow and picric yellow, 
the spot l>etween carmine and ox-blood red. Anthers light cadmium. Bolls 
mostly with four locules, short-ovoid, very plump, abruptly pointed, with long, 
deep apical furrows, red where exposed. 

Gossypium harknessii X armourianum. — Plants more open and with more 
ascending branches than in either parent, obscurely puberulent on the very 
young parts, soon glabrous. Twigs light mahogany colored, older bark light 

A The following descriptive notes were supplied mainly by T. H. Kearney. The colors were def^nrmined 
by cooiparison with the standards in the following publication: Ridoway, R. color standards and 
COLOR NpusNCLATURR. 43 pp., illus. Washington, u. O. 1912. 
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Gnssypium barbademe X utrutU. Typical flower and flower parts. The petals are rose red In color; in 
the parents they are yellow and pale mauve resi)ectfvely. 
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brown. Leaf blades grayish green (yellowish in harknessiif deeper green in 
armourianum) , less shiny above than in armourianum, nearer harknessii in size 
and shape, entire to very shallowly three-lobed with rounded lobes, broadly 
ovate, obtuse or acutish, rather deeply cordate. Involucel light green, resembling 
that of harknessii in its large, oblong-ovate bractlets, which are persistent until 
anthesis. Petals approaching those of harknessii in size and shape, pale viridine 
yellow. Bolls mostly with three locules, broadly ovoid. 

Gossypium hirsuium X armourianum . — Plants glabrous except on the very 
young fiarts, large, woody, many-stemmed but open, the branches wide-spreading. 
With long internodes, the branchlets conspicuously zigzag. Leaf blades light 
green with a small brown pulvinus, mostly shallowly three-lobed. Involucel 
persistent after anthesis; bractlets separate, with a few long teeth. Calyx dentate, 
sometimes with deltoid-setose teeth nearly as long as the height of the undivided 
portion and having very numerous oil glands. Petals pale green-yellow or 
martius yellow, reddish on the exposed edg^s; spot when present « faint and striate 
to rather intensely pomegranate-purple. Filaments colorless, or the lowest puiple. 
Anthers with or without red color on the connective. Pollen light cadmium. 
Exserted portion of the pistil very long. Plate 1, A, shows characteristic flower 
parts of this hybrid. 

Gossypium contextum X armourianum , — Closely similar in all characters to 
G, hirsutum X armourianum, 

Gossypium barhadense X harknessii . — The plants show a predominance of 
barbadense characters. Stems decidedly woody, twigs reddish brown. Petioles 
less densely puberulent than in harknessii, with longer hairs. Leaf blades 
barbadenseAHke but smaller, the larger ones deeply five-lobed, puberulent with 
short, stellate hairs, with a deeper-colored pulvinus than in barbadense and with 
a small deltoid or lanceolate nectary on the midvein toward base. Involucel 
large, showing no sign of falling at anthesis (a character of harhiessii ) ; bractlets 
deeply laciniate with broad teeth, separate or nearly so. C'alyx ciliolate, with 
undiiiate tnargin and numerous black oil glands. Petals large, pale green-yellow 
in W 36, between martius yellow and picric yellow in W 38, the spots large but 
rather faint. Filaments purplish. Anthers light cadmium. Pistil with the 
length of the exserted portion equaling or surpassing that of the staminiferous 
portion of the column. Bolls (5 weeks old, parthenocarpic) resembling those of 
harknessii in shape and in the reddish-brown oil glands. A characteristic plant 
and characteristic flower parts of this hybrid are shown in figure 1 and in plate 1, B, 

Gossypium barbadense X sturtii . — ‘Plants glabrous or nearly so, resembling 
siuriii in their rather stiff habit, with long, nearly erect, vegetative branches. 
Fruiting branches with very long intemodes. Young bark reddish, glaucous. 
Leaf blades not glaucous, varying on ditferent plants from deeply and rather 
narrowly five-lobed to much more shallowly and broadly three-lobed, with large 
lanceolate or deltoid nectaries near the base of the midvein or of all three prin- 
cipal veins. Involucel glabrous, one-half to two-thirds as high as the corolla; 
bractlets separate to the base, more or less deeply laciniate with few or rather 
numerous subulate, setose-tipped teeth. Calyx ciliolat^ with numerous oil 
glands, sharply dentate, with deltoid-subulate teeth. Petals densely ciliate 
toward base, between Tyrian pink and rose colored (yellow in barbadense, pale 
mauve in sturtii) with very l^e, intense, feathered spots of siuriii character 
and varying from pomegranate-purple to bordeaux in color. Column very long 
and staminiferous nearly to its base, as in sturtii. Filaments purple. Anthers 
reddish. Pollen yellow. Pistil long-exserted, but the exsert^ portion much 
shorter than the staminiferous part of the column. Figure 2 shows a character- 
istic plant of G, barbadense X sturtii, and plate 2 shows characteristic flower 
parts. 

Gossypium sturtii X harknessii . — Plants of intermediate habit, less stiff and 
erect than sturtii, but much less spreading than harknessii, more open than 
either parent, with numerous erect or ascending branches, nearly glabrous. 
Petioles obscurely puberulent toward apex. Leaf blades glaucescent, nearer 
harknessii in color, broadly deltoid, entire to rather deeply three-lobed, sub- 
cordate, acuminate, the lateral lobes rounded or acute, with a very small, slit- 
like nectary near the base of the midvein. Involucel more persistent than in 
harknessii, larger than in either parent, glabrous; bractlets widely separate, ovate 
or lance-ovate, setose-acuminate, narrowed at base, usually undulate or sparsely 
denticulate on the margin, but sometimes dentate with very few, short or long, 

* The armourianum parent was presumably heterozygous for this character. 
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subulate-setose teeth. Calyx very thin, obscurely ciliolate, dentate with sliort, 
deltoid, very acute teeth and with numerous oil glands. Petals of a rather dingy 
color between rose-pink and hellebore-red, with a broad, pinkish-buff stripe on 
the exposed edge, the spot large, much like that of sturtii in shape but less feath- 
ered, bright carmine. Column often very long, as in sturtii. Filaments much 
shorter than in harknessii; anthers between dragon-blood red and Etruscan red. 
Pollen pale yellow. Pistil with the exserted portion long but usually shorter 
than the column. Figure 3 shows a characteristic plant of G. sturtii X harknessiL 



Fiqueb 1.--Oo88ifpium barbaderae X haTkne88ii, Typical Fi plant. 

Gossypium sturtii X armourianum, — No open flowers have been produced. 
Plants minutely puberulent on the very young parts, soon glabrous, low, com- 
pact, with very numerous, ascending branches, much lower and more spreading 
than in sturtii but with fewer and less spreading branches than in armourianum. 
Leaf blades not glaucous and of about the same color as in armourianum^ broadly 
ovate, subcordate, abruptly short-acuminate with a cartilaginous tip, usually 
with a small slitlike nectary near the base of the midvein. Involucel of inter- 
mediate sixe and character, more persistent than in armourianum: bractlets 
widely separate, narrowly lanceolate, entire, or occasionally with a minute tooth 
near apex, very sharply cartilaginous-acuminate. Calyx conspicuously dentate 
with deltoid-subulate teeth longer and slenderer than in armourianum and hav- 
ing nmperous, conspicuous, prominent black oil glands. 


Dec. 15, 1985 


Inierspecijic Hyhridizaiion in Gossypium 


1055 



Figure 2,—Qossypmm barbaden$e X HurtH. Typical Fi plant. 


Corolla small. Petals pale rhodonite pink, the spot aturtii-like, pomegranate- 
purple. Column much as in aturiii, long, the staminiferous portion longer than 
the exserted part of the long-exscrted pistil. Filaments short, purplish. Anthers 
pale orange-yellow, drying pinkish. Pollen pale yellow. Figure 4 shows a char- 
acteristic plant of (y. davidaonii X aturtii, and plate 3, A, shows characteristic 
flower parts. 

Ooaaypium hirautum X Thurheria iheapeaioidea, — The plants died soon after 
the seedling stage. Leaf blade much like that of Thurheria in shape, ovate- 
lanceolate, deeply and narrowly lobed. 

Thurheria theapeaioidea X Ooaaypium aturtii. — Plants much more open in habit 
than G, aturtUf with numerous nearly erect limbs; young branches somewhat 
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glaucous. Leaf blades green, slightly glaucous, much like those (rf Thurheria in 
shape, ovate-lanceolate and entire to deeply and narrowly three-lobed; lobes 
long-acuminate, setose at apex as in <?. aturtiif with an elongate slitlike nectary 
very near the base of the midvein. Involucel with bractlets widely separate, as 
in both parents; bractlets lanceolate, intermediate in width but near G. aturtii 
in length, setose-tipped, often with 1 or 2 setose teeth. Calyx abruptly dentate 
with subulate-setose teeth. Petals approaching those of (/. fturtii in size and 
shape, in color intennediate between white and pale amaranth-pink, fading to 
the latter color, the spot between pomegranate-purple and bordeaux, very like 
that of G. aturtii. Column much as in G. aturtii, elongate, with short filaments, 



Figure S.—Ooasypium iturtii X harknessii. Typical Fi plant. 

but with fewer stamens and these not extending so near the base of the column. 
Filaments purple. Anthers daphne pink. Pistil, with the exserted portion long 
but not equaling the column. Plate 3, B, shows characteristic flow^er parts of 
T. theapeaioidea X G. aturtii, 

CYTOLOGICAL TECHNIQUE 

Cytological material was collected in full sunlight between May 
and September. In order to insure characteristic meiotic behavior, 
weekly checks were made with material from several individuals. 
Since these individuals continued throughout the season to exhibit the 
same cvtological behavior, the data herein reported may be assumed 
to be characteristic of all representatives of a given combination. 

The study was limited to pollen mother cells and sporads from an- 
thers fixed in Carnoy’s fluid 10 to 30 minutes, washed and preserved 
in alcohol, and crushed in iron-acetocarmine. The use of Carnoy's 
fluid and alcohol previous to crushing in acetocarmine is of advantage 
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in that the extremely soft pollen mother cells of Gossypium are hard- 
ened and much of the matter obscuring the chromosomes is removed 
from them. Acetocarmine preparations have the distinct advantage 
of keeping pollen mother cells in a solution. Hence, the cells can be 
moved to allow vision at different angles and can be easily crushed to 
allow a more detailed study. 



Fjqubk i.-'-Oonypium davidsonii X Hturtii, Typical Fi plant. 


All drawings were made at bench level with a camera lucida having 
a 1.5-mm objective (1.3 N. A.), an 18 X compensating ocular, and a 
tube length of 160 mm, giving a magnification of 4,660 diameters. 

MEIOTIC BEHAVIOR OF F, PLANTS 

HYBRIDS BETTWBEN CULTIVATED AMERICAN SPECIES (N 26 X N 26) 

The reduction divisions of the hybrids between species within the 
cultivated American group of cottons, listed on page 1051, are similar 



Bmarek 


Vd. SI, no. 12 


to those of their parents (^7). Although there are generally 26 bi- 
valent chromosomes at first metaphase, occasionally 1 or 2, and rarely 
3 quadrivalent chromosomes are formed. The bivalent partners are 
united at one or both ends by 1 or 2 or rarely 3 chiasmata. The total 
number of chiasmata is apparently somewhat smaller than in 26- 
paired species. Figure 5 depicts a characteristic first metaphase of 
Oossymum barbadense X schottii. 

During the first anaphase no irregularities occur and the homotypic 
divisions are nearly normal. lAke the parental species, approxi- 
mately 4 percent of the sporads contain microcytes. 


s 


FtouRS B.—OMsypium barbadense X tchoUii. Lateral view of first metaphase ia a slightly crushed pollen 
mother cell, showing 26 bivalent chromosomes. 

HYBRIDS BETWEEN ASIATIC SPECIES (N 13 X N 13) 

The meiotic divisions of Gossypium arboreum var. sanguineum X 
ajricanum and of Q. herbaceum X arboreum var. neglectum also present 
a picture very similar to that of their parents (27). There are 13 
bivalent chromosomes. At the first metaphase the total number of 
chiasmata is considerably smaller than that occurring in either parent 
and all chiasmata are strictly terminal. In 6. arboreum var. san- 
guineum X afrimnum the union between the partners of 2 bivalent 
chromosomes is apparently rather weak, and in several cases 2 uni- 
valent chromosomes have been observed. In the anaphase of the 
latter hybrid occasionally the univalents lag and rarely are left in the 
plasma. Although in both hybrids the majority of second metaphase 
plates contain 13 chromosomes, plates with 12 and 14 are not uncom- 
mon. Approximately 3 percent of the sporads of O. herbaceum X 
arboreum var. neglectum and 6 percent of those of G. arboreum var. 
sanaumeum X airicanum exhibit mien 
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HYBRIDS BETWEEN WILD AMERICAN SPECIES (N IS X N IS) 

The meiotic divisions of Gossypium harkneasii X armoui^num are 
similar to those of both parents {Z7). During diakinesis and the 
first metaphase there are 13 pairs of chromosomes. Both the first 
and second divisions are regular , 


and the tetrads are normal. 
Figure 6 depicts a characteristic 
first metaphase. 

HYBRIDS BETWEEN CULTIVATED 
AMERICAN AND WILD AMERICAN 
SPECIES (N 26 X N IS) 

During the first metaphase in 
Gossypium hirmtum X amumr- 
ianum and G. contextum X ar- 
mourianum there are usually 
13 bivalent and 13 univalent 
chromosomes. Among 43 pol- 
len mother cells of G. hirsutum 
X armourianum, 4 formed 1 
quadrivalent, 11 bivalent, and 
13 univalent chromosomes; and 
and 13 univalent chromosomes, 
equatorial i}lsto which generally 
The remaining univalents are m< 



shoMring 13 bivideiit chromosomos. 

1 formed 2 quadrivalent, 9 bivalent. 
The Mvalents form a well-organized 
contains a few elongated univalents. 
)re or less spherical and are scattered 



Fiourb 7,~~Oo98tipium hirsutum X armourianum. I^ateral view of first metaphase in a ])olJou mother 
showing 12 bivalent and 15 univalent chromosomes. 

over the achromatic figure. The majority of bivalent partners are 
united at one end by 1 or 2 terminal chiasmata. In some bivalents 
the union between partners is comparatively poor and rarely it is 
ineffectual. In the latter case 2, 4, or 6 additional univalent chromo- 
somes occur. Figure 7, which illustrates the condition at the ai>- 
proach of the heterotypic anaphase, depicts 12 bivalent and 15 uni- 
valent chromosomes. 
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At the first anaphase the bivalent partners are distributed normally 
and the scattered univalents pass toward adjacent polar regions. 
The univalents in the equatorial region become laggards and elongate 
as though alx)ut to divide. They are later distributed at random 
toward the poles, but on account of their delayed movement they are 
frequently left in tlie plasma. Occassipnally a univalent completes 
division and the resulting parts are left in the plasma or included in 
the daughter nuclei. Since the products of such division are of vari- 
ous sizes, the division is undoubtedly a fragmentation. 

The homotypic divisions are fairly regular. There are usually two 
major and several diminutive achromatic figures. Although the 
majority of chromosomes divide normally, laggards are not uncom- 
mon. At the completion of meiosis highly abnormal sporads occur, 
which contain from 2 to 12 spores of various sizes. 

The heterotypic divisions of Oof^sypium barbadense X harknernii 
differ slightly from those of G. hirmtum X armourmnurn. In no 
case have more than 13 univalent chromosomes been observed. In 
G. barbaderiM X harknessii it is apparent that more of the bivalent 
chromosomes are united at both ends than in hybrids between G, 
hirmtum or G. conterium and G, armourianum. The majority of 

f airs are more or less ring-shaped and several exhibit three chiasmata. 

t is also apparent that the unions between bivalent partners are 
comparatively stronger than those occurring in G. hirsutum X 
armourianum, 

HYBRIDS BETWEEN CULTIVATED AMERKUN AND WILD Al!STRALIAN SPEIUES 

(N 26 X N 13) 

The meiotic divisions of Gossyffium barbadense X sturtii are very 
irregular. In the heterotypic division there is so much variation that 
in many pollen mother cells the type of conjugation could not be 
accurately determined. The following data for the first metaphase 
chromosome conjugation in 45 pollen mother cells, however, are 
believed to be accurate and characteristic of the majority of pollen 


mother cells. 

Number 

Ttfj>e of of pollen 

conjugation f mother cells 

0ii+39i - 25 

1ii4*37i „ 8 

2ii’b35i _ _ 5 

3n-4-33i - 5 

4ii4-31i 2 


An examination of the foregoing data shows that from 0 to 4 
bivalent and from 31 to 39 um valent chromosomes are formed. Al- 
though the bivalents lie in the equatorial region, they do not forin a 
defimte plate. Their partners are united by a single chiasma, which 
often appears imperfect. In the majority of cases, the univalents are 
uniformly scattered over the achromatic figure. Figure 8 depicts a 
first metaphase having 2 bivalent and 35 univalent chromosomes. 

The remaining stages of meiosis are similar to those found in 
Oosaypium hirsvtum X armourianum. In G, barbadense X sfwrfii, how- 
ever, the irregularities are of greater magnitude. Also in the latter 
hybrid several somatic (39-cmomosome) second-metaphase plates 
have been observed. At the completion of meiosis the sporads con 


7 The subscripts I and 11 arc cytologioal symbols designating univalent and bivalent chromosomes. 
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tain from 2 to 14 spores, which vary in size from very small ones to 
those nearly twice the size of the tetrad spores of the barbadense 
parent. 

HYSaiDS BETWEEN WILD AMERICAN AND WILD AUSTRALIAN 3FECIES (N 13 X N 13) 

The types of conjugation at first met&phaBB in Goasypiumsturtii X 
armourianum, G. aturiii X harktmaii, and G. daindmiiii X aturtii are 



Fmube 8.' OosHypium hnrhademf X ^iurtH. ProflU* view of flrpt metaphase in a pollen mother wll, show- 
ing 2 bivalent and 35 univalent chromosomes. Four of the univalent (diromosomos are in ]>rocess of 
fragmentalion. 


j^iveii in table 3. Although chromosonie pairing is variable in these 
hybrids, thejr exhibit a larger number of pairs than does G, harha- 
dsnse X stuAiiy and pairing is more frequent. Table 3 indicates that 
from 0 to 6 bivalent and from 14 to 26 univalent chromosomes are 
formed in hybrids between the wild American species and G. sturtiL 
The arrangement of bivalent and univalent chromosomes on the achro- 



Fiuukk 0.-“ fJosHifpiiim aturtii X armourianum. Profile view of first metaphase in a pollen mother cell, 
showing ft bivalent and 14 univalent chromosomes. Three of the univalent chromosomes are undergoing 
fragmentation. 

matic figure is similar to that recorded in the case of G. barbadense X 
aturtii. Also, like the latter hybrid, the bivalent partners axe united 
at one end by a single chiasma, which is comparatively imperfect. 
Fi^re 9 depicts a first metaphase of G. aturtii X armourianum having 
6 bivalent and 14 univalent chromosomes; 3 of the latter are apparently 
fragmenting. Figure 10 shows a first metaphase of G. damdsonii X 
aturtii having 26 chromosomes. 
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Tablb 3. — First~metaphase chromosome conjugation in jmUen mother cdle rf 
hybrids between Oossypium sturtii and wild American species 


Hybrid 

Pollen mother colls with indicated type of conjugation 

0ii+26i 

ln+24i 

2h+22i 

3ii42t»i 

4x1+181 

6n+16i 

6u+14i 

G. ^urtii X armourianum 

Number 

26 

n 

17 

Number 

13 

4 

6 

Number 

4 

1 

4 

Number 

3 

1 

3 

Number 

Number 

1 

Number 

2 

0. sfurtii X harknessii^.^ 

1 

0. davidsonii X sturtii 

2 





The irregularities occurring in the remaining stages of meiosis are 
similar to those exhibited by Gossypium hirsutum X armourianum, 



!• lOUUK lO.-^Gossypium dai idtonii X sturtii. Profllc view of first motaplinsc in a pollen mother cell, sbowiTii? 
26 univelent chromosomes, 5 of which are underroing fragmentation. 


but are somewhat smaller and considerably less pronoimced in 
these hybrids than in G. barbadense X sturtii. Although the sporads 
of all three hybrids in tliis group are generally highly abnormal, 
those of G. sturtii X armourianum most nearly approach the tetrad. 


% 

% 


HYBRIDS BETWEEN THUR- 
BERIA THESPESIOIDES 
AND GOSSYPIUM STURTII 
(N 18 X N 13) 


During the first met- 
aphase of Thurberia 
tMspesioides X Gossyp- 
ium sturtii there is no 
visible chromosome 
pairing. The 26 uni- 
valent cliromosomcs arc 
scattered over the ach- 
romatic figure. Now 
and then several long 
slender univalents are 
found in the equatorial 
remon. Althoi^h these 
latter univalents occasionally divide, they usually exhibit a random 
distribution along with the remaining univalents. The homotypic 
divisions are quite regular, even though a few chromosomes often lag. 
The sporads are hi^y abnormal. Figure 11 depicts a characteristic 
first metaphase of T. thespesioides X G. sturtii. 



Figxtas 11 . — Thurberia thespesioides X Gossypium sturtii. Profile 

“a mothei 


view of first metaphase In a 
univalent chromosomes, 5 of wl 


len mother cell, showing 26 
[ch are firagmenting. 
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A NATUBAI. HYBRID BETWEEN AN ASIATIC AND A CULTIVATED AMERICAN SPECIES 

(N 18 X N 86) 

The writer has made a careful cjtological stud^T of a natural 
hybrid between an Asiatic and a cultivated American species of 
Qossymum (nl3 X 7126). The particular Asiatic species to which 
one of the parents of this hybrid belonged is unknown. The Ameri- 
can parent probably was Oossypium hirsulum. Longley (19) reported 
that this natural hybrid exhibited variable pairing, and he figured a 
metaphase with 14 bivalent and 11 univalent chromosomes. In the 
same hybrid Skovsted (24) reported the pairing in two pollen mother 
cells to be, respectively, 13 univalents, 8 bivalents, 1 tetravalent, and 
1 hexavalent; and 14 univalents, 8 bivalents, 1 trivalent, and 1 
hexavalent. 

The writer’s studies indicate that the meiotic behavior of this 
natural hybrid closely approaches that reported by Nakatomi (21) 
in similar hybrids and resembles the behavior of Oossypium hirsutum 
X armourianum reported above. .Mthough during diakinesis there 
are generally 13 pairs and 13 sinele chromosomes, occasion^y 
1 to 3 quadrivalents are present. The majority of pairs are united 
at one end by 1 or 2 chiasmata. At least 4 pairs exhibit 3 chiasmata. 
Although several pairs display interstitial chiasmata, the majority 
have omy subtermmal or tennmal ones. At the approach of the first 
metaphase the degree of terminalization of the chiasmata appears to 
vary. It is usually complete, but occasionally subterminal, and 
very rarely interstitial chiasmata occur. In several cases, the union 
of rod-shaped pairs is comparatively imperfect. 

Following are the data for the first-metaphase chromosome conjuga- 
tion in 62 pollen mother cells of this natural hybrid in F 2 . 


'J'ypf of 
ronjugnlwn 

13n4- 

12iH- 15, 

llii-h 17i 

10„+ 19i 

9ii4- 2 I 1 

I 1 V+ II 11 + 13i 

2iv4- 9ii+ 13i 

3iv 4“ 711+ 13i 

4iv+ 611 + 111 JL 


jV?/ mbrr 
of pnllni 
mother celln 

3S 

5 

3 

3 

1 

7 

2 

1 

2 


An examination of the foregoing data reveals that out of 62 pollen 
mother cells 12 contained from 1 to 4 quadrivalent chromosomes 
and 38 had 13 bivalent and 13 iinivalent chromosomes. The re-* 
mainin^ 12 pollen mother cells displaj^ed a decrease in the amount 
of painn^. As in the case of Oossypium hirsutum X armourianum^ 
where pairing is somewhat variable, when the maximum number of 
bivalents are present several of them exhibit comparatively poor or 
imperfect unions. Since the number of bivalents exhibiting im- 
perfect umons decreases as the number of univalents increases, there 
can be little doubt that such unions are occasionally ineffectual. 
Figure 12 depicts a first metaphase having 2 quadrivalent, 9 bivalent, 
and 13 univalent chromosomes. 

The remaining characteristics in meiosis resemble those displayed 
by Oossypium hirsvium X armowumum. However, in this natural 
hybrid, among the highly abnormal sporads, diads are fairly common. 

27062—86 2 • . ; 
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DISCUSSION 

INCOMPATIBILITY BETWEEN SPECIES OP GOSSYPIUM 

The degree of compatibility between different species is com- 
monly supposed to correspond with their nearness of relationship, as 
m^cated by their degree of morphological similarity. In Ooasy^um 
it is evident that such a supposition is not always true. Interspecific 
hybrids within the cultivated American group of cottons are easily 
obtained, while those between species within the Asiatic group are 
fairly difficult to obtain. Although the Asiatic and cultivated 
American species are not very dissimilar morphologically, hybrids 
between them are very difficult to obtain. On the ouier hand, 
G. sturtii, which is morpholo^cally one of the most distinct species, 
readily hybridizes with species of all other groups of Gossypium. 



Figure 12.— A natural hybrid between an Asiatic and a cultivated American cotton. Profile view of first 
metaphaae in a slightly crushed pollen mother cell, showing 2 quadrivalent, 9 bivalent, and 13 univalent 
chromosomes. Two of the univalent chromosomes are in process of fragmentation. 


The wild American cottons, although less dissimilar to the cultivated 
cottons than is G. sturtii, do not hybridize with them as freely as does 
G. sturtii. 

NONVIABILITY OP THE GAMETES AND THE ZYGOTE IN INTERSPECIFIC HYBRIDS 

In interspecific Gossypium hybrids the relationship of the parental 
species, as mdicated by morphological characters, and the normality 
of the heterotypic division are usually correlated. In turn, the 
degree of fertility is correlated with the amount of chromosome 
pairing. It is logical to suppose that sterility in Gossypium hybrids 
IS due to the production of nonviable gametes. In such hybrids as 
G. sturtii X narknessii, Thurberia thespesioidea X G. sturtii, and G. 
barbadense X sturtii the parental species are distantly related and the 
'hybrids are completely sterile. In these hybrids there is little or no 
c^mosome pairing during the heterot3^ic division. The chrcmio- 
somes are irregularly distributed to daughter nuclei and some are 
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left in the plasma. On the other hand, the cidtivated American 
species and the wild American species are presumably more closely 
related than the species involved in the hybrids with 6. stvrtii. In 
0, barbadenae X harknesaii and 0. hiravtum X armourianum this 
supposition of relationship is home out by distinct chromosome pair- 
ing. Although one would expect a greater production of viable 
gametes in the latter hybrids, the plants are completely sterile. The 
expectation is approacned only in the formation of seedless capsules. 

Interspedfic hybrids within the cultivated American group of 
cottons exhibit complete chromosome pairing and are highly fertile. 
Likewise, the hybrid Qoaaypium herbaceum X arbormm var. negleetum, 
between species of the Asiatic group, exhibits complete chromosome 
pairing ^d is ^hly fertile. However, the amount of chromosome 
pairing in the inter-Asiatic hybrid O. arboreum var. aanguineum X 
africanum is slightly reduced and the fertility is correspondingly less. 

Apparently, in crosses involving Thurberia theapeaioidea, a near 
relative if not actually a member of the genus Qoaaypium, there is a 
high degree of zygote mortality^. Harland and Atteck (11) found 
that crosses between 0. atockah (a wild Asiatic species with n= 13) 
and Thurberia were quite easily made, but that the hybrid seedlings 
were weak and died after 2 or 3 leaves were formed. The_ same 
authors found a similar condition in crosses between 0. davidaonii 
and Thurberia. However, by using as pistillate parents 2 complex 
American hybrids, these authors obtained 8 healthy hybrids; and 
no mention is made of weak plants or of mortality. In the writer’s 
experiments 10 percent of the cross-pollinations between Thurberia 
and G. aturtii produced good capsules. Approximately 50 percent of 
the hybrid seeds germinated and 66 percent of the seedlings grew to be 
healthy plants. Likewise, seedlings of hybrids between 0. hiravium 
and Thurberia are easily obtained, but they are extremely weak and 
die (luring early stages of development. 

INHBKITANCK IN INTERSPECIFIC HYBRIDS 

In Qoaaypium there arc relatively few reported cases of monci- 
hybrid segregation. Kearney (14) expresses the belief that this is 
partly due to the fact that most investigators have considered mainly 
characters of economic importance, such as size of the bolls and 
length and abundance of thS lint, which are conditioned by severd 
factors. Another reason, suggested by Harland, is that genetic 
analyses have dealt largely wim interspecific rather than intraspe^c 
hybrids.^ Harland (8, 9) found that several characters which exhibited 
alternative inheritance in intraspecific hybrids exhibited a “quanti- 
tative” type of inheritance in mterspecific hybrids. He attributes 
the latter behavior to modifying factors, wmch have the effect of 
obscuring the segregation of characters. 

Very httle is known regardii^ the inheritance of the characters in 
the interspecific hybrids under discussion.^ Since back-crossed or 
selfed generations have not been grown, genetical analy^ are wanting. 
However, several characters show a tendency to dominance in these 
hybrids between species. In color, the dark-red plant body in Ooa- 
aypium arboreum var. aanguineum and Q. achattii dominates the green 
plant body of other species. Likewise, the pinwheel appearance of 
the corolla spots in Q. aturtii appears to dominate the' type of corolla 
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^ts characteristic of other species. The narrowly lobed leaf of 
Thurberia partially dominates the entire leaf of 6. sturtii. To a 
lesser degree the lobed leaf of G. hirsvium dominates the entire leaf 
of 6 , armmrianum. The presence of a petal spot in Q. sturtii, 0. 
barbadense, and 6 . armourianum tends to be dominant over absence 
of petal spot in other species. Similarly, colored pollen is partially 
dominant over uncolored pollen. 

Interspecific Oossypium hybrids derived from species having the 
same number of chromosomes usually exhibit ap intermediate expres- 
sion of most of the contrasting characters of the parents. Such a 
condition is probably due to the lack of dominance or to an equal 
number of dominant factors being contributed by each parent. On 
the other hand, hybrids between species having, respectively, 13 and 
26 as the haploid number of chromosomes resemble the parent having 
26 haploid chromosomes. This is probably due to the transmission 
of a greater number of dominant factors along with the larger number 
of chromosomes. Except for the shape of the young parthenocarpic 
bolls in Fi of Q. barbadense X harknessti, the barbadense parent appears 
to dominate harknessii. The decided resemblance of this hybnd to 
6. barbadense may be due to (1) the transmission from the barbadense 
parent of a greater number of dominant factors along with the larger 
number of chromosomes or (2) close genetic similarity of the harknessii 
chromosomes to 13 of the barbadense chromosomes {25). In the 
latter case, the harknessii chromosomes are sufficiently homologous 
to certain barbadense chromosomes to be combined with them with- 
out disturbing the barbadense-^o nature of the hybrid. 

PHYLOGENETIC CONCEPTIONS 

Gatos (7) 1ms recently reviewed the literature bearing upon the 
«)rigin of species in the genus Gossijpium. lie points out tliat both 
Davie and Skovsted have suggested that the species with 13 pairs of 
chromosomes arc modified totraploids. Gates also calls attention to 
the fact that the best evidence in support of tliis suggestion is found 
in the observations by Davie of secondary chromosome association 
in G. herbaceum. Neither Webber {27) nor Skovsted {23) have found 
secondary association within the Asiatic species. That there are no 
homologous chromosomes in the haploid sets of Thurberia thespesioides 
and G. sturtii is shown by the lack of chromosome pairing in hybrids 
between these two species. On the other hand, the slight amount of 
pairing in the hybrids between G. sturtii and the wild American species 
may indicate that certain chromosomes within the haploid set of the 
wild American species and of G. sturtii are homologous. In this case, 
however, it remains to be determined whether the pairing is within the 
wild American haploid set of chromosomes or between chromosomes 
of the parental species. 

Skovsted {24) and Davie (S) have also suggested that the cultivated 
American cottons are allotetraploids. Skovsted concluded that their 
origin may be t^cribed to the doubling of the chromosomes in a hybrid 
between an Asiatic and a wild Amencan species. That the chromo- 
somes of the wild American and of the Asiatic species are homologoip 
to 13 of the chromosomes in the cultivated American cottons is 
indicated by the occurrence of 13 pairs of chromosomes in the hybrids 
Gossypium hirsuium X armourianum, G. barbadense X harknessii 
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and the natural hybrid between an Asiatic and a cultivated American 
species. The fact that Q. barbadense X sturiii rarely exhibits chromo- 
some pairing and never shows a high degree of conjugation indicates 
that the pairing which occurs in the Fi of the hybrids 0. hirsutum X 
armouTianum, G. barbadense X harknessii, and of the natur^ hybrid 
between an Asiatic and a cultivated American species is between the 
chromosomes of the species involved in the hybrids rather than be- 
tween chromosomes within the cultivated American species. Before 
Skovsted’s suggestion can be accepted, it remains to be proved that 
the chromosomes of the Asiatic and the wild American species are 
nonhomologous. 

Davie believes that the occurrence of several well-isolated wild 
American specif characterized by 13 pairs of chromosomes indicates 
that the American species with 26 pairs probably arose through 
chromosome doubling m crosses between different wild American 
species. It was shown in the preceding paragraph that the chromo- 
somes of Gossypium fuirlcnessii and G. armourianum are homologous 
(.<t 1.3 of those of the cultivated American species. That this homoTo^ 
is between tlie same set of chromosomes in cither G. Iiirsutum or G. 
hu rbndense is indicated by the fact that complete cliromosome pairing 
(Mumrs in F, of both G. hirsiitum X barbadense and G. harknessii X 
artnourmmm. 

Among the wild American species that may be involved in the origin 
of cultivated American cottons is Thurberia thespesimdes. The writer 
finds that the somatic chromosomes of this species are slightly larger 
than those of the other wild American species. Skovsted (£4) reports 
that the chromosomes of the cultivated American cottons may be 
equally divided into a larger and a smaller group. The differences 
of chromosome dimensions in cotton are very slight, however, and the 
writer’s observations indicate a gradation in size of the chromosomes 
of the cultivated American species rather than a sharp segr^ation of 
large and small ones. 

Ill the cultivated American species Webber (^7) found that during 
meiosis quadrivalent chromosomes are occasionally formed. If the 
assumption that these species were derived from a cross between two 
modified tetrapioids is correct, then such quadrivalent formation is 
easily explained upon the basis of chromosome homologies known to 
exist in similar modified octpploids. Such an explanation would a^o 
accoimt for the occasional formation of quadrivalents in (1) hybrids 
between the species of the cultivated American group of cottons, (2) 
hybrids between the latter species and the wild American species, 
and (3.) the natural hybrid between an Asiatic and a cultivated 
American species. 

In the natural hybrid between an Asiatic and a cultivated American 
species, the composition of the pollen mother cells exhibiting quadriva- 
lent cmomosomes was found to be liv4-lln+13i, 2iv+9n-hl3i, 
3iv+7n+13i, or 4iv4-6n4-lli- Except in the last class, the quacWva- 
lent group is followed by a decrease of 2 in the bivalent group, and in 
these three classes the number of univalente remams constant. 
Hence, it seems logical to assume that the quadrivalents are composed 
of chromosomes that generally form bivalents. If such an assump- 
tion is correct, then one of tne bivalent chromosomes in the excep- 
tional class just mentioned must be composed of chromosomes Uiat 
generally form univalents. 



1068 


Journal of A^rwattural Eteemreh 


Vol. «, no. 12 


SUMMARY AND CONCLUSIONS 

In Goosymum, cross-pollinations mode in the morning are more 
successful than those made in the afternoon. Those made in the 
late summer are more successful than those made in early summer. 
By remoying the entire corolla and androecium during amasculation, 
rather than the anthers on^, the percentage of successful cross- 
pollinations is greatly increased. 

The correlation of the degree of compatibility between different 
species with their morphological similarity is often very limited. 
It is often less difficult to obtain hybrids between species of different 
taxonomic groups than between species of the same taxonomic group. 

Hybrids between and within the following five morphologically 
distinct groups of Crossypmm are described: (1) Cultivated American 
spwi^ («==26); (2) iimd American species (n=13); (3) cultivated 
Asiatic species (n= 13) ; (4) a wild Australian species, G. sturtii (n= 13) ; 
and (5) Thurberiatheapeoioides (n=13)awild American plant, possibly 
coi^eneric with G'ossypi'um. 

l^ually, in interspecific Qoasypium hybrids tlio monihological 
similarity of the parental species and the normality of the hetero- 
typic divisions are correlated. Also, tlie d^ee of fertility is cor- 
related with the amount of chromosome pairing. 

Certain characters show a tendency to dommance in interspecific 
hybrids of Gossypiwm. Other characters are expressed in a more or 
less intermediate degree. 

Interspecific h^bnds within the same group exhibit normal meiotic 
behavior. Hybrids between species havmg 26 pairs of chromosomes, 
like their parents, occasionally form quadnvalent chromosomes. 
Although hybrids between cultivated American and wild American 
species generally form 13 bivalent and 13 univalent chromosomes, 
they also occasionally fo^ quadrivalent chromosomes. The latter 
behavior is also characteristic of a natural hybrid between an Asiatic 
and a cultivated American cotton. Oosaypiwn barbadense X sturtii 
usually exhibits no chromosome pairing, but occasionally as many as 
4 bivalent chromosomes have been observed. Hybrids between wild 
American species and G. sturtii likewise exhibit variable pairing. In 
the latter case, however, pairing is more frequent. Hybnds between 
Thurberia thespesioides and G. sturtii exhibit no chromosome pairing. 

The occurrence of limited chromosome pairing in hybrids between 
wild American species and Gossypium sturtii and the formation of 
quadrivalents in hybri^ between cultivated American and wild 
American species, and in a natural hybrid between an Asiatic and 
a cultivated American cotton, seem to support the hypothesis that 
the species having 13 pairs of chromo^mra are modified tetraploids. 
If such is the case, then the lack of pairing in Thurberia thespesioides X 
G. sturtii must indicate that the chromosomes witliin the haploid sets 
of these ^o species have differentiated genetically to sudi an extent 
that pairing within either haploid set is impossible. 

The formation of 13 bivalent chromosomes in hybrids between 
cultivated American and wild American species and in a natural 
hybrid between an Asiatic and a cultivated American cotton and the 
veiy limited pairing in Gossypium barbadense X ^uriii support the 
hypothesis that the species having 26 pairs are allotetraploids. Such 
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an ori^n possibly involved species or close allies of some two of the 
following groups: Wild American species of Oossypium^ Thurheria 
fmpesioidesy and Asiatic species of Oossypium. 
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OCCUERENCE OF SELENIUM IN NATURAL PHOSPHATES, 
SUPERPHOSPHATES, AND PHOSPHORIC ACID » 

By Lewis F. Radeb, Jr., junior chemist, and W. L. Hill, assistant chemist, 

Fertiliter Research Division, Bureau of Chemistry and Soils, United States 

Department of Agriculture * 

INTRODUCTION 

The occurrence, origin, and distribution of selenium in soils, its 
absorption by ]^lants, and the toxicity of the plants to animals have 
been discussed in several recent papers (S, 7, 5, 9, IS, 18)? 

With regwd to the limits in the (juantities of selenium that may 
be present in soil and vegetation without injury to animals, Byers 
(5, p. 44) states: 

In general it would appear that any soil containing upwards of 0.5 p. p. m. of 
selenium, and any vegetation containing 5 p. p. m. is potentially dangerous. 

More than a decade ago Stoklasa {22) pointed out that the selenium 
content of soil may be greatly increased through heavy fertilization 
with superphosphate and aminoniuni sulphate. That the quantities 
of selenium occurring in fertilizers and soil amendments is sufficient 
to alter the amount the plant would otherwise absorb from the soil 
appears possible, when due consideration is given to the fact that these 
agents are applied to the layers of soil most readily accessible to the 
roots of the plant during its growing period, and often, particularly in 
the case of fertilizers, in relatively large quantities very near the root 
system. For example, let it be supposed that a fertilizer containing 
50 p. p. m. of ^lenium is applied to the soil at the rate of 1,000 pounds 
per acre within 3 inches of the plant rows which are 3 feet apart. 
Then, assuming the customary figure, 2,000,000 poimds of topsoil to 
a depth of 6 inches per acre, the increase in the selenium concentra- 
tion of the entire sou layer would be 0.025 p. p. m., and the increase 
in the concentration in a 6-inch layer of topsoil extending 3 inches on 
either side of the row, if all the selenium were retained therein, would 
he about 0.15 p. p. m. Under certain conditions the latter figme may 
represent a significant increase in the selenium content of the soil. 

Results are given in tliis paper for selenium in 96 representative 
samples of phosphate rock and 3 samples of apatite from various 
deposits of the world, 8 typical samples of domestic superphosphate, 
and 4 samples of crude phoSphoric acid manufactured by the sul- 
phuric acid process. The results for selenium in natural phosphates 
reported herein represent an extension of the studies of this Bureau on 
the composition of phosphate rock {11, 16). 

PROCEDURE AND REAGENTS USED 

_ The procedure used in the determination of selenium was substan- 
tially the same as that developed by Robinson, Dudley, Williams, 
and Byers {19) for selenium in soil and in sulphide-bearing rocks 

1 Received for publication Sept, vn, 1985; issued February 1936. , ^ ^ 

i The authors are indebted to K. I). Jacob, who suggested the investigation and render^ valwble aid 
during the course of the work, and to H. Q. Byers and K, T. Williiuns, Division of Boil Chemistry and 
Phsrsics, Bureau of Ohex^try and 6qUs, for helpful suggestions In the application of the analirtical 
methods. 

* Reference is made by number (italic) to Literature Cited, p. 1062. 
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and minerals, according to wMch the selenium is separated and 
concentrated by distillation with hydrobromic acid in the presence 
of bromine and is determined in the distillate by gravimetric methods, 
or by a colorimetric procedure when the absolute amount of selenium 
is less that 0.5 mg. Three distillation procedtires are described for 
inorganic materials: (1) Direct distillation of the sample, applicable 
to soil and nonpyritiferous rocks and minerals; (2) distillation after 
the sample has been pretreated with nitric acid to destroy sulphides, 
'and finally with concentrated sulphuric acid to eliminate the nitrate 
radical which otherwise would decompose the hydrobromic acid in 
the subsequent distillation, applicable to materials containing pyrite 
and other sulphides; and (3) integrated distillation, a method of con- 
centration in which the distillate from one portion of the sample is 
added in the distillation of a fresh portion and so on, which is es- 
pecially adapted to the determination of traces of selenium. 

Phosphate rock presents some difficulties in the application of 
tliese methods. As a result of the presence of considerable quantities 
of fluorine and silica, relatively large quantities of gelatinous silica 
are rapidly deposited in the condenser during the early stages of 
distillation, and when more than about 10 g of the samples are used, 
the condenser often becomes clogged. Furthermore, the amount of 
gelatinous silica that separates in the distillate when large samples 
are used is sufficient seriously to retard subsequent filtration. These 
difficidties are intensified in the integrated distillation. For a cal- 
cium-rich material like phosphate rock, sulphuric acid is not 
satisfactory for the expulsion of the nitrate radical following the 
preliminary treatment of pyritiferous samples, because the relatively 
insoluble calcium sulphate causes serious bumping during subsequent 
distillation. Phosphoric acid is recommended for this purpose. 

Selenium can be removed from dry soil by distillation with hydro- 
bromic acid with a specific gravity as low as 1 .2.* Accordingly, acid 
sufficiently concentrated for use in the distillation can be readily 
recovered by redistilling the filtrates and solutions from the estima- 
tion of the selenium. The specific gravity of the recovered acid 
used by the writers ranged between 1,35 and 1.40. When 10 g of 
100-mesh pjjrrite-free rock was distilled with 100 ml of acid of this 
strength, all the selenium passed into the first 50 ml of the distillate. 
In samples that carried only small amounts of acid-insoluble sul- 
phides, selenium was detected in the second 50 ml of the distillate 
but not thereafter. In view of these findings the volume of distillate 
collected was 75 to 150 ml, depending on the character of the sample. 
It should be mentioned that the dmculties with the separation of 
gelatinous silica are less marked when the more dilute acid is used. 

Bromine often contains impurities capable of imparting to the 
distillate a color which, since it persists after the solution is reduced 
with sulphur dioxide, interferes in the colorimetric comparison. The 
interfering substance can be eliminated by dissolving the bromine in 
hydrobromic acid, filtering off the flocculent precipitate,* and dis- 
tilling the filtered solution, 

4 Btsos, H. G. Private communication. 

< The neariy white, waxy substance (0.232 g of air-dried material) obtained by adding 30 ml of bromine 
to 600 ml of water-white hydrobromic acid (4$ percent), allowing the mixture to stand an hour, filtering* 
and washing the precipitate with cold water, was soluble in alcohol and ether. Somewhat more than one- 
half of^e substance melted at 136^ to 140** the remainder did not melt at 160** 0. When it was subieeted 
to steam dietlllatlon about two-thirds of the wax passed over with the steam* 
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In order to compare the performance of the three distillation 
methods mentioned, these procedures were used to determine the 
selenium m several typical phosphate rocks. The results (table 1) 
indicate that^ even though the rock contains relatively large quanti- 
ties of or^amc matter, pretreatment of the sample is not necessary, 
unless acid-insoluble sulphides are pre^nt and then only when the 
highest accuracy is desired. Unless it is stated otherwise, the results 
for selenium reported in this paper were obtained by distilling the 
samples without pretreatment. 


TabI/B 1. — Selenium in typical phosphate rocks as determined by three different 

dutillation procedures 






Selenium determined by— 

Sam> 

pie 

Tyi»e or source of phosphate 

FeHj 

Organic 

carbon 

Distilling 10 g of 
sample 

Inte- 
grated 
distil la* 

HO. 




Un- 

treated 

Pre- 

treated 

tion of 
un- 
treated 
sample* 

973 

Idaho 

Percent 

0.00 

Percent 

2.34 

P. p. m. 
28 

P. p. 

28 

P. p. Wl. 

948 

Wyoming 

.97 

3.47 

48 

48 


440 

Tennessee blue rock 

2.30 

(*) 

!<. 8 

1.0 


930 


3.90 

.20 

2.0 

3.0 

(*; 

1139 

South Carolina land rock 

.36 

(») 

.38 

14 

16 

(*) 

912 

Florida land pebble ! 

.00 

<.8 

0.8 

908 

Tennessee brown rock 

.00 

.11 

<.8 


<.i 

916 

Tennessee pbospbatic limestone 

.73 



* 

<.i 

917 


1.89 

h) 

“<.8 


.2 


> 100 g of the sample was distilled in 10*g portions. 
3 Not determined. 


Under the conditions prescribed {19) for the colorimetric estimation, 
the threshold sensitivity of the method is about 0.008 mg of selenium. 
For 10 g of sample this figure corresponds to 0.8 p. p. m., and accord- 
ingly the results are reported as <0.8 p. p. m. in those cases where the 
coloration was barely perceptible and as <0.8 where no color was 
noted. When 100 g of the sample are used (integrated distillation) 
the detectable concentration of smenium is thereby reduced to approx- 
imately 0.1 p. p. m. *. 

SELENIUM IN NATURAL PHOSPHATES 

Eesults for selenium in domestic and foreign phosphates are given 
in tables 2 and 3, respectively. All the samples from Florida, Tennes- 
see (except Tennessee blue rock), KentucW, Arkansas, Oklahoma, 
and Australia, the light-colored phosphates from the western part of 
the United States, and the apatites from Vii^ia and Canada con- 
tained 1 p. p. m. or less of selenium. The results for the dark-colored 
phosphates of the western part of the United States and Canada, the 
majoiit;^ of the Tennessee blue-rock and South Carolina samples, and 
the African and Palestinian phosphates ranged between 1 and 55 
p. p. m. A few of the samples from European and insular deposits 
contained as much as 1 to 2 p. p. m. of selenium. 
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Table 2. — Selenium content of domestic phosphates 
FLORIDA PHOSPHATES 


Sam- 

ple 

no. 

Type of phosphate 

010 

Land pebble.. 

047 

.....do’. 

700 

.....do - 

012 

- do. ... 

771 

Hard rock .... 

580 

do 

032 

do - 

1001 

Soft 

728 

do - 

015 

Waste pond.. 



Location of deposit 


Mulberry.. 
Brewster... 
Not known. 
Mulberry.. 
Not known. 
Floral City. 
Dunnellon. 

Bartow 

Juliette 

Dunnellon. 


P 2 O 6 

Se 

Percent 

P, p. m. 

31.00 

<0.8 

31.28 

<•8 

31.40 

<.8 

35.37 

1.8 

31.25 

<.8 

34.68 

<.8 

35.90 

<.8 

25.47 


31.80 

!<. 8 

23.63 

<.8 


SOUTH CAROJ.TNA PHOSPHATES 


496 

1130 

1138 

050 


900 

008 

772 

930 

448 

440 

1040 

1048 

2031 

016 

017 


Not known 

Not known 

16 07 

liHiiU rock - . 

Bulow miuas, Jolin.s Island . 

26 02 

. do ... 

Lamb’s mine, near (Charleston 

27 86 

do 

Not known 

28 86 


< 0.8 
» 10.0 
8.6 
6.0 


TENNESSEE PHOSPH A I KS 


Brown rock 

Not known 

<)<> , 

Wales 

do 

Mouutpieasimt 

Blue rock- 

Glover. 

. do. .. - . 

Oordonsbiii^ , 

do 

do - 

Glover 1 

Gordonsburg. . 

Kidney phosphate 

Boma 

White rock 

Tomscreek 

.....do - . 

Godwin 

Phosphatic limestone.. ... 

Mountpleasant. 

.---.do ... 

Gordonsburg 




31.28 

<0 8 

34. 30 

‘ 8 

34. 44 

1 <" 1 

30. 46 

< 8 

30.07 

*3 0 

.32.03 

2 5 

32.03 

» 1 0 

31.22 

^.8 

80.20 

<•8 

36.80 

<.8 

11.22 

» <. 1 

11.68 

1 2 


WESTERN PHOSPHATES 


550 

1412 

1011 

1018 

1010 

1017 

1012 

1252 

1010 

1407 
1411 

480 

073 

1263 

454 

1408 
404 

1280 

1410 

1409 

467 
460 

468 
048 


Light colored 

Idaho, Paris — 

32. 21 


— do 

35. 39 

do 

Montana, Garrison 

27. 63 


do 

29 U 

do. - 

.’"Idol” . "’""I.I.I.I" 

31.47 

34.92 

iriidoi”!-'””!’- 


36.07 

36.38 

do. . 

..do 

37.47 

do 


37.03 

Dark colored 

Idaho, Oetfivetown 

30.20 

do. 

do 

3i.97 

do 

Idaho, Tonda 

31.97 

_ _ do 


32.13 

do.. 


82.24 

do. ... 

.....do 

32.26 


Idaho, Qeoreetown... ... 

34.06 

do. 

Montana, Maxville 

24.05 

do 

Utah, DevilB Slide 

11.00 

. . do. ... 

Utah, Logan 

31.50 

do 

Wyoming, Cokevllle - - 

26.60 

do 

do 

20.75 

do. 


29.70 

.. ..do 

do 

30.19 





- 0 s 
1.0 
8 

< .8 
' .8 
<.8 
< 8 
< 8 
1.0 
<.8 
50 
6.0 
<28 
8.0 
40 
23 

ao 

6.0 

38 

10 

35 

50 

55 

<48 


OTHER PHOSPHATES 


1267 

1235 

1242 

1206 


■■IH 

Arkansas, Independence County 

31.98 


Kentucky, Wallace. 

21.10 


Oklahoma, Cotton County 

24.31 

Apatite 

Virginia, Amherst County 

30.68 





<0.8 

<-s 

<.8 

<.8 


< Result obtained by integrated distillation. 

< Result obtained by distillation of pretreated sample, 
t National Bureau of Standards sample no. 56. 
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Table 3. — Selenium content of foreign phosphates 


AFRICAN PHOSPHATES 


Sam- 

ple 

no. 

Location of deposit 

FiOj 

Se 

Sam- 

ple 

no. 

Location of deposit 

PaO» 

Be 

560 

Algeria, Dyr 

Algeria, Tebessa 

Per- 

cent 

23.39 

P.p. 

m. 

18.0 

453 

Morocco 

Per- 

cent 

33.47 

P,p. 

m. 

5.0 

551 

26.10 

2.5 

563 


34.30 

1.5 

558 

Algeria, Rebiba 

26.84 

3.0 

1162 


35.11 

1.0 

562 

Algeria, M’Zaita 

28.59 

7.5 

552 

Tunis, Oafsa 

26.91 

18.0 

557 

Algeria, Tooqueville 

Algeria, Bordi-Redlr 

Egypt, Kosselr 

29.38 

18,0 

556 

Tunis, JECalaa-DJerda 

27.55 

30.0 

559 

32.34 

55.0 

561 

Tunis, M’Dilla— 

28.66 

3.5 

555 

30.60 

1.0 

553 

Tunis, Oafsa ! 

i 

29.13 

1.0 


EUROPEAN AND ASIAN PHOSPHATES 


1226 

Belgium, Lifige 

18. 13 <0. 8 1263 

U. S. S. R., Saratov 

18.40 

<0.8 

1155 

Estonia, Tallinn 

25. 68 <.8 1266 

U. S. S. R., Egoriev 

19.60 

1.5 

1228 

France, Somme 

22. 02 1. 5 1264 

do 

22. 37 

1.0 

1240 

do 

24.66 <.8 1262 

U. S. 8. R., Vyatka 

27.88 


1241 

France, PjTenees Mountains- 

26.87 2.0 >1260 

U. S. S. R., Kola Peninsula. . 

39 08 

<.8 

1239 

France, Quercy 

34.74 1.0 1258 

Palestine, Neby Mu.sa 

8. 14 

1.6 

1151 

Portugal, Marvfto 

27. 14 <. 8 1255 

do 

16.60 

1.0 

1152 

U. S. S. R., Volga River region. 

13. 40 <. 8 1256 

do 

17.60 

1.5 

1265 

IT. 8. 8. R.. Aktyubinsk, Si- 

1257 


20.40 

15.0 


beria 

17. 42 <. 8 






INSULAR PHOSPHATES 



1223 

Angaur Island 

40 00 <0. 8 943 

Curacao Island 

40 66 

1.0 

452 

Christmas Island 

39. 46 <. 8 1159 

Makatea Island 

38.22 

<.8 

904 

Grand Connotable Island 

54. 51 2. 0 450 

Nauru Island 

38.92 

<.8 

985 

Curacao Island 

38 59 1. 5 451 

Ocean Island 

40.32 

<•8 



OTHER PHOSPHATES 



1157 

South Australia, Kapunda... 

30. 18 <0 8 *582 

(Tanada, Britisli (hdurabia... 

24. IJ 

3.0 

1158 

Soutli Australia, Port (Tltnton. 

:«.5:i <.8 >906 

Canada, Ouetwc Province 

40 30 

* .8 


* Apatite. 

* A (iark*co]cireil pliu»spIiato fieiii (Vow’s Nest Pass. 


SELENIUM-BEAHING CONSTITUENTS 

In fjcncraJ, selenium is found in nature associated with sulpliur, 
particularly the sulphides (4, 5, 17) and in a number of rare selenide 
minerals analagous to the srdphides {17, pp. 693-695). Byers (S) 
concluded that the selenium in soils came from sulphide minerals in 
the soil parent materials. Since selenium under certain conditions 
is absorbed by growing plants and is associated with the protein (18), 
organic matter originating from vegetation may be regarded as a 
potential source of selenium in sedimentary rocks. If the organic 
matter represents the remains of plant life that grew on seleniferous 
soil under climatic conditions favorable to selenium absorption, it 
may e^y be the principal carrier of selenium. 

In view of the foregoing some relationship may bo expected to exist 
between the selenium content of phosphate rock and the quantities 
of sulpliide sulphur, organic carbon, ana nitrogen present. According 
to the comparative data (table 4), larger amounts of selenixim occur 
in pyritiferous than in pyrite-free samples from the same region, and 
as a rule rocks containing the greater amoimts of oiganic matter alw 
carry the larger quantities of selenium. The latter relationship is 
best shown by the Permian phosphates of the western part of the 
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United States, and at least in the case of these phosphates it may be 
regarded as evidence that the oiganic matter is sdeniferous. The 
nitrogen figures show somewhat less correlation with the selenium 
results than do the fibres for organic carbon. The sample of Ten- 
nessee kidney phosphate is a notable exception to these general 
relationships. 


Tablx 4 . — Cotnparatwe reaulta for aelenium, organic carbon, nitrogen, and pyritic 

Bulphur in phosphate rock 


Source or type of phoiphate 

Organic 

carbon 

Se 

N 

FeSa 

Western part of the United States: 

T>ftrk.<:mlArAd p3rrit.ifAmiie frtfllc. _ , _ _ _ _ _ _ . 

Pefunt 

1 3.90 

P. p, m, 

1 30.0 

P. t). m, 
1,100 

Percent 

*1.92 

Diu’k-nnlnred rook.. . _ 

1 2.60 

» 13. 0 

uiooo 

80 

.0 

T.ight..AnlArAd rnf*k- * ... , 

».16 

t<.0 

^5.8 

.0 

Tennessee kidney phosphate. 

1.46 

2,600 

470 

1 . 5 

Tunis, Qafsa ... 

.86 

18.0 

.0 

South Carolina 

.51 

8 5 

510 

.3 

Florida > - 

.31 

<•8 

2.0 

170 

.0 

Grand Connetable Island 

.28 

490 

.0 

Tennessee blue rock 

.28 

:5i.4 

280 

3.0 

Curacao Island.. 

,17 

1.6 

1.30 

.0 

Mnrnnrtfi _ __ _ __ . 

. 17 

1.0 

180 

.0 

Tennessee brown rock and Tennessee white rock 

.16 

<.8 

160 

(») 



1 Average of results for 3 or more samples. 

> Average of results for 2 samples. 

s The 1 p 3 ^ititerous brown rock, National Bureau of Standards standard sample no. 56, contained 
Sulphide equivalent to 0.89 percent of FeSt. 


Results for organic carbon and selenium in mechanical separates 
of ground phosphate rock are given in table 5. The correlation be- 
tween the results for selenium and organic carbon is probably as close 
as could be expected, particularly in the sample of Wyoming phos- 
phate. In the Idaho sample the results indicate considerable loss of 
selenium occasioned by suspension of the material in wafer incident 
to mechanical separation into fractions. 


Table 5 . — DiKtHbuHon nf Mcnium among merhaniml separates of ground phosphide 

rock 


Idaho phosphate uo. 973 


Wyoming phosphate no. 948 


Mechanical fraction i 

Fraction 
of origi- 
nal ma- 
terial 

Organic 

carbon 

Se 

I'raotion 
of origi- 
nal ma- 
terial 

Organic 

carbon 

Se 

FeSi 

“Sand” 

“Silt” 

“Olay” 

Solution loss 

Percent 

26.0 

46.6 

27.9 

.6 

100.0 

Percent 

2.22 

2.03 

8.03 

P. p. m. 
33 
20 
18 
*6 
28 

Percent 

49.8 

43.6 

6.6 

.0 

100.0 

Percent 

2.96 

4.26 

8.29 

P. p. m. 
86 
66 
64 
>2 
48 

Percent 
0.62 
1. 17 
.42 

Original material 

Z34 

8.47 

,97 


1 The mechanical fractions of these phosphates were prepared by Alexander and Jacob (/) from material 
ground to pass a 109>mesh sieve, 
r Calculated. 

PRIMARY AND SECONDARY DEPOSITS 


Following Blackwelder’s division (j?) of the world’s phosphate 
deists into six genetic varieties, conmrised in two broad groups 
(primajy and secondaiy deposits), Mansfield {15, p. S62) has partially 
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classified a number of the deposits. Accordingly, as far as possible 
the results for ^lenium in phosphate are summarized under the two 
general groups in table 6. 

Table 6. — Selenium content of phosphate rocks from primary and secondary 

deposits 


Type of deposits and location 


Primary: 

Western mrt of the United States and Canada. 
Algeria, Tunis, and Egypt. 

Tennessee (blue rock) and Arkansas. 


Average. 

Hecondary. 

South Carolina. 

France 
Islands 
Florida. 

Tennessee and Kentucky (brown rock and white rock). 
South Australia. 

Average, 



Byers’ conclusion (3) that selenium is leached from soil by perco- 
lating waters, which is supported by the presence of considerable 
amounts of this element in drainage water (table 8), and the fact that 
a considerable part of the selenium in one phosphate rock (table 5) was 
removed when the material was treated with water incident to 
mechanical analysis, afford good reasons to expect primary deposits, 
havin<r been protected from the action of water, to carry larger 
quantities of selenium than secondary deposits. Considering the 
average figures for the groups (table (>), the primary deposits sh<»w 
about five times as much selenium as the seeondaiy deposits, and the 
expectation is, in general, thus confiniicd. It should he pointed out, 
however, that this criterion fails when it is applied to certain indi- 
vidual deposits. For example. South (Carolina phosphate, a second- 
ary deposit, carries about fivefold as much selenium as does Tennes- 
see blue rock, a primary deposit. In this connection special interest 
attaches to the experimental finding (9) that the ab^rption and 
retention of added selenium w much more pronounced in some soils 
than in others, and to the su^estion that this difference in the 
behavior of the seleniu m might he due to the difference in the com- 
position of the soil colloids. 

GEOLOGIC AGE AND SELENIUM CONTENT 

In table 7 the results for selenium in natural phosphates are 
grouped, as far as possible, accord!^ to the geologic age of the 
deposits (JO). Of the deposits for which the average result is greater 
than 1 p. p. m., the Permian phosphates show the largest amount of 
selenium and the post-’Tertiary the least. In the descending order 
of selenium content, the Miocene, Cretaceous (or Jurassic), Eocene, 
and Devonian phosphates are between these extremes. 
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Table 7. — Geologic age ae corrdaied with eelenium content of natural phoaphatee 


Period or epoch 

Source or type of phosphate 

Samples 

analyzed 

Selenium 

Range 

Average 



Number 

P, p. m. 

P. p, m. 

Post-Tertiary 

Island phosphates 

8 

<0. 8-2. 0 

<1.1 

<2.4 

Tertiary I 

Florida', South Carolina, Morocco, Aus- 

20 

<.8-16 

Pliocene 

tralia, and Russia. 

Florida land pebble 

4 

<.8 

<.8 

9.8 

Miocene - 

South Carolina land rock 

3 

6. 0-16 

Oligooene 

Eocene 

Florida hard rock and soft phosphate 

Morocco --- - - -- - 

6 

3 

^.8 

1. 0-5.0 

<.8 

2.5 

Cretaceous (or Jurassic)... 

France, Russia, Algeria, Tunis, and 

19 

<.8-56 

<8.8 

Carboniferous 

Egypt. 

Western United States and Canada 

25 

<.8-56 

3.0-55 

<16.7 

27 

Permian 

Dark-colored phosphates 

16 

Do 

Light-colored phosphates • 

10 

<.8-1.0 

<.8 

Mississippian . 

Tennessee kidney ph(Ksphate ... 

1 

Devonian 

Tennessee blue rock 

4 

^.8-31 

^1.8 

Ordovician 

Tennessee and Kentucky brown rock 3 

8 

<.8 

<•6 

Pre-Cambrian 

Apatite from Virginia and Canada 

1 

2 

<.8 

<.8 


» From Canada; Georgetown, Idaho; Maxvllle, Mont.; Cokevllle, Wyo.; and British Columbia. 

* From Paris, Idaho; and Garrison, Mont. 

> Also 2 samites of Tennessee phosphatic limestone, 1 sample of Arkansas phosphate, and 1 sample of 
Estonian phosphate. 


In view of previous discussion, it is hardly necessary to remark 
that other factors may play a greater part than geologic age in limit- 
ing the amounts of selenium that occur in any given deposit. As to 
the geologic age, a comparison of primary deposits is most logical. 
Accordingly, the geologic periods during which the primary phosphate 
deposits were laid down are, in the increasing order of average sele- 
nium content of the phosphates, Devonian, Cretaceous, and Permian. 

PHOSPHATES COMPARED WITH OTHER ROCKS, MINERALS, SOIL, AND WATER 

The available results for selenium in rocks, minerals, soils, and 
waters of the United States are summarized in table 8. The analyses 
of all the materials other than phosphates were recently published 
by Byers (3) and Williams and Byers (25). Since the data me by 
far the most extensive for certain localities west of the Mississippi 
River, mainly parts of Colorado, Montana, Nebraska, South Dakota, 
and Wyoming, the results have been classified under two geographic 
divisions of the country, the Mississijipi River being used as the 
dividing line. The results of Goldschmidt and Hefter (4) and Gold- 
schmidt and Strock (3) for selenium in certain genetic varieties of 
rocks and minerals, particularly sulphides, are summarized in table 
9, in which the results for phosphates (table 6) are also included for 
convenience in comparison. 

According to the available data (table 8), phosphate rock from 
deposits east of the Mississippi River contains less selenium than 
does that from deposits in the West. Aside from a crude sulphur 
from Colorado showing 8,350 p. p. m., pyrite, as would be ex- 
pected, contained the largest quantities of selenium. The selenium 
content of phosphate rocK from the western division of the Unit^ 
States agrees very well with that of other sedimentary deposits in 
this re^on. ^ In the ascending order of the average resulte, shale, 
chalk, Permian phosphate, and limestone lie between the values (9 
and 20 p. p. m., respectively) for ironstone (and mudstone) and 
bentonite. 
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Tabus 8. — Sdemum in rocks, minerals, soils, and waters of ike United Slates 
west and east of the Mississippi River 


Location and material 

Samples 

Selenium 

analysed 

Range 

Average , 

West of Mississippi River: j 

Phosphate roopt (Permian only) - x - - 

Number 

24 

g 

P.p. w. 
<0.8-66 
L&-46 

P. p, m. 
<17.2 

19 

.4 

16 

A6 

.2 

8,360 

123 

9.0 
11 

20 

2.0 



Rftiirietone r - -r - - x.n 

1 

niiftik (Miobrara) 

17 

6.6^ 

1.0-10 

Gypsum^ X - -- - --XXX . - 

4 

Gypsupi sand - - 

1 

Sulphur (crude from Colorado) — -x.-,x - .X- r - . , , 

1 


Pyfite , - - . _ - __ , 

6 

6.0-320 

Ironstone and mudstone 

4 

4.0-14 

.0-103 

Shale 

80 

6 

Bentonite. . _ . _ _ 

2. 0-76 

Soil 

446 

.0-41 

Well water - 

12 

.02-. 2 

.06 

Creek and drainage water... 

6 

.00-1.2 

<.8-16 

.2 

East of Mississippi River: 

Phosphate rock 

26 

<2.7 

<.8 

70 

Apatite - 

1 

Pyrito 

20 

.0-260 

Marcasite (from clay) 

2 

.3-.6 

4.5 

Pvrrhotite,. 

1 

5.0 

Chalcopirrite j 

1 


10 

Mispickel. 

1 


0) 

.26 

Shale 

5 

. J6-. 6 

Clay bed 

26 

.0-.4 

.18 



» Trace. 

1 Samples of surface soil, sand, and clay. 


Table 9. — Selenium in certain genetic varieties of minerals and rocks, nitrate beds, 

and waters 


Material 

« 

Samples 

Selenium 

analyzed 

Range 

Average 

Meteorites (iron, troilito, and chondite) 

Number 

6 

P. P. TO. 
1.6-132 

P. p. TO. 
47 

Sulphides: 

Primary magmatic * 

7 

17-66 

44 

Pneumatolytic and hydrothermal 2 

12 

.8-190 

29 

From sedimentarv deposits 2 ... 

13 

. L-32 

12 

Oxides of iron and manganese ♦ 

5 

.6-6.4 

2.0 

Phosphates: * 

Primary deposits 

4t 

<.8-56 

<.8-l6 

<10.9 

<2.0 

Secondary aeposits 

34 

Limestone, Devonian JIZ 

(•) 

.1 

Ari^lftftftoim»n.rAHAnflniiR rocks 

V) 


.6 

Cmlean nitrate beds, caliche 

(•) 


6.2 

Watw from North Sea - 

2 

.0033-.0044 

.0038 

Water from La Roche-Posay ...... 

3 

•.2 




Pyrrbotite from Germany, Norway, South Africa, and Ontario, Canada. 

From Norway, Qermany, England, California, and Colorado. 

1 sample from Newfoundiandi others from Qermany. 

1 sample was a deep-sea nodule of manganese ore, others from Qermany, Finland, 
Results from table 6. 

Composite samtde representative of 82 limestones of Germany. 

. ... o^nngny and Japan. 


and Newfoundland. 


When all the data are considered, it appears that secUmenta^de- 
posits, in general, cany less selenium than other deposits. Furthe^ 
more, larger quantities of selenium occur in primary than in secondary 
deposits. 

27063— as — 8 
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SELENIUM IN SUPERPHOSPHATE AND PHOSPHORIC ACID 

In view of the occurrence of selenium in phosphate rock in amounts 
ran^g from <0.1 to 55 p. p. m. (tables 2 and 3), notable quantities 
of this element would ordinarily be expected in superphosphate and 
phosphoric acid manufactured from rock from certain phosphate 
deposits. Furthermore, selenium may be introduced into super- 
phosphate and phosphoric acid as an impurity in the sulphuric acid 
used to decompose the rock. Considerable quantities of selenium 
are often present in sulphuric acid manufactured from pyrite or pro- 
duced as a byproduct of the smelting of other sulphide ores; acid 
from these sources is used extensively in the fertilizer industry, par- 
ticularly in the manufacture of superphosphate. Stoklasa {Sk) re- 
ported 26 to 58 p. p. m. of selenium in Glover tower acid and 15 to 42 
p. p. m. in chamber acid. A sample of byproduct sulphuric acid 
(60° B.) from a copper-smelting operation m Tennessee contained 
52 p. p. m. of selenium (6). The presence of selenium in sulphuric 
acid has also been noted by others {20, 24). Inasmuch as selenium 
occurs in coal {12) and also in coke {21), phosphoric acid produced liy 
the electric-furnace and blast-furnace processes, particularly the 
latter, may also carry selenium as the result of using coke as a reducing 
agent and as fuel. 

Stoklasa {22) found 15 to 36 p. p. m. of selenium in European super- 
phosphate. Much smaller quantities were found in American super- 
phosphates by the authors. The results (table 10)’ range from <0.8 
to 4.0 p. p. m. As the samples were typical commercial superphos- 
phates recently made from phosphate rock representing the principal 
deposits in this country, it appears that these results may be regarded 
as a fairly accurate range for the selenium content of superphosphate 
manufactured in the United States at the present time. 


Table 10 . — Selenium in superphosphate and phosphoric add 
ORDINARY SUPERPHOSPHATE 


8am> 

pie 

no. 

— ^ 

Type or source of phosphate 
rock 

Source of sulphuric add 

PaO« 

Se 

1 


Pyrite __ 

Peruni 

10.20 

21.06 

18.86 

17.85 

20.60 

P. p. w. 
1.5 
.8 
<.8 
<.8 
1.0 


'-do _ _ _ -- 


Sulphur 


Slu^e add from petroleum refining 

j||||||||[||||||M 


DOUBLE SUPERPHOSPHATE 

1337 

1362 

1372 

Plorlda land peHW«_ .. _ _ _ . . 

Siilphnf- , , _ 

46.21 

48.87 

47.83 

<0.8 

1.6 

4.0 

Tennessee brown rock 

Idaho 

0) 

Copper-smelting operation in Montana 

CRUDE PHOSPHORIC ACID 

1 



20.26 

37.80 

16.04 

41.38 

<0.0^ 

.5 






1 Pbospborio add maaafaotiired by the blasMuimoe process was used, 
t A sample of add (60** B.) from this smelting operation oontained S2 p. p. m. of selenitun (^* 
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The results in table 10 present a few additional points of special 
interest. Only a very small part of the selenium in the raw materials 
was foimd in the superphosphate or phosphoric acid. For example, 
the phosphoric acids produced from Idaho phosphate by the sulphuric- 
acid process carried less than 0.07 p. p. m. of selenium, despite the fact 
that the rock (Conda, Idaho) contains 8 to 40 p. p. m. (table 2) and 
the copper ore from which the sulphuric acid was produced as a by- 
product was probably dso seleniferous. On processing phosphate rock 
from Conda, Idaho, it is the practice to calcme the rock at about 700° 
C. (/4), in order to eliminate most of the oi^anic matter which other- 
wise would seriously foul the acid and apparatus. At least a portion 
of the selenium of the phosphate rock is probably volatilized by this 
treatment.* Doubtless a part of any selenium that is present m the 
mixture of rock and sulphuric acid remains with the sludge and is thus 
eliminated from the phosphoric acid. Furthermore, selenium may be 
lost by volatilization dunng concentration ^orations, although such 
a loss is not indented by the results for the Tennessee acids. Ifr may 
also be noted in this connection that, whereas a sample of sulphuric 
acid from the same source as tliat used in the manufacture of the 
Tennessee brown-tbek acids carried 52 p. p. m. of selenium, the con- 
centrated phosphoric acid contained only 0.5 p. p. m. and the dilute 
acid considerably less. Therefore, it would appear that, under the 
conditions of manufacture in this country, only a small part of the 
selenium occurring in the raw materials, in general, finds its way into 
the finished phosphate products. 

SUMMARY 


Results are given for selenium in 96 samples of phosphate rock and 
3 samples of apatite from various deposits of the world, 8 representa- 
tive samples of commercial superphosphates manufactured from do- 
mestic rock, and 4 samples of crude phosphoric acid produced by the 
su^huric-acid process. 

The results for selenium in natural phosphates range from <0.1 
p. p. m. in a Tennessee brown rock to 55 p. p. m. in Wyoming and 
Algerian phosphates. The occurrence of selenium in natural phos- 

E hates is discussed from the following points of view:_ (1) Selenium- 
earing constituents; (2) pri^iary and secondary deposite; (3) geologic 
age of deposits; and (4) a comparison of phosphates with other geo- 
logic formations. Accordingly, the data mmeate^ (1) that org^c 
matter and, to a less extent, moi^anic sulphides are inaportant carriers 
of selenium in phosphate rock, (2) that prunaiy deposits are in general 
richer in this element than are secondary deposits, (3) ^at deposits 
belonging to the Permian and Cretaceous ages contain the most 
selenium, and (4) that the selenium content of phosjphate deposits 
is about the same as that of other sedimentary deposits in the same 
region. 

The quantity of selenium in supe^hosphate ranges from <0.8_ to 
4.0 p. p. m., and in phosphoric acid is 0.5 p. p. m. or lero. According 
to the available data only a smell fraction of the selenium occurring 
in the natural materials from which superphosphate and phosphoric 
add are made finds its way into the finished product. 


water T^or at l,t00*.O. lorjWSeiinittM. 
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ROOT SYSTEMS OF CERTAIN TREES AND SHRUBS 
GROWN ON PRAIRIE SOILS ^ 

By A. F. Ykaqeb* 

Chairman of the Department of Horticulture and Foreetry, North Dakota Agricultural ' 

Experiment Station 

INTRODUCTION 

Actual data on the depth and spre^ of tree roots are not abundant, 
and such as there are deal mainly with fruit trees grown under fairly 
humid conditions. The study here described was made to determine 
the de^h and spread of certain forest trees and shrubs growing in 
North Dakota. The work was begun in the autumn of 1934. 

REVIEW OP LITERATURE 

Zon (20Y states that the water table under the forest is lower than 
that outside, for the forest through transpiration consumes more 
water than any other cover crop, and draws the water from a ^ater 
depth. Halden (7) says that m the sterile zone on the borders of 
forest stands on south and west exposures the soil is drier than either 
inside or outside of the groves, and that this dryness is more pro- 
nounced on sand than on clay. 

Goff (6), Ballantyne (/), Oskamp and Batjer (11), Partridge and 
Veatch (liS), Clark (3), Goff (5), Rogers (IS), and Mason (10) found 
the greater part of the roots of fruit trees in the upper 3 feet of soil 
and the maximum depth of penetration 9 feet. 

Holch (8) stated that the greatest depth to which the roots of 
young forest seedlings penetrated during the first year was 5.7 feet. 

Laitakari (9), in a study of Scotch pme (Finns sykestris), found 
that root systems extended far beyond the spread of branches, with 
a maximum depth of 3 meters and that spruce had a still shallower 
root system. Chaney (3) found that jack pine also had a shallow 
root system, and Woodroof and Woodroof (19) reported that roots of 
pecan in Geoi^ia rarely reach a depth of more than 5 feet. 

Weaver and Kramer (18), studying oak (Qnercus macrocarpa) in 
Nebraska, found roots with 2 to 4 times the radial spread of the 
branches. Deep roots reached^ 14 feet. 

The foregoing observations hardly seem to support the common 
belief expressed by Zon (31) and Shepard (IS) that tree roots pene- 
trate to great deptl^. 


* Received for publication May 27, 1936; issued February 1036, Paper No. 14, Journal Series, North 
Dakota Agricultural Experiment Station. , , . . 

1 Indebtedness is acknowledged to the Federal Transient Bureau of Fargo for supplying tra^ients to 
assist in the work, and to ^ transients themselves for their splendid cooperation; to Marvei Lien who 
supervised the work; and to Prof. 0. B. Waldron who supplied the information on the ages of the 
plantations. 

‘ Heferenoe is made by number (italic) to Literature Cited, p, 1091. 


of Agricultural Research, 
Washington, D. 0. 


( 1085 ) 


Vol. 61, no. 12 
Pec. 16, 1936 
Key no. N.Dak.^10 


1086 


va. SI. M. la 


LOCATION AND MATERIALS 

Most of the studies here recorded were made on the ^unds of the 
North Dakota Agricultural CoUege and Agriculture E^^riment 
Station at Fargo. The soil is a Fai^o clay, such as characterizes parts 
of the Bed Biver Valley. It is very level and is sometknea defident 
in drainage during the early sprine months. The black surface soil 
extends downward to a depth of about 3 feet, where it changes to a 
li^t-colored calcareous, clayey subsoil. There is no true hardpan 
and no stratum of rock. Because of the continued deficiency of rain- 
fall for many years the soil has become very dry and the water table 
is nowhere higher than 15 feet. 

To determine the behavior of tree roots under different soil con- 
ditions, a snow trap planted by the Northern Pacific Bailway Co. 
along its right-of-way was also studied. This planting, 25 years old, 
is located 38 miles west of Fargo, just outside the Bed Biver Valley, 
in Barnes loam, a light soil. 


METHODS 

In general, the following method was employed in making these 
studies: Where there was a row of trees, as there was in most cases, 
a trench 18 inches to 2 feet in width was dug parallel to the row and 
under the outer edge of the branches of the trees. The digging was 
deep enoi^h to sever all roots. After the trench was dug the upper 
1 foot was separated from the remainder by a cord stretched parallel 
to the ground surface, and the roots which came through the trench 
wall in this area were counted and classified according to diameter. 
After this was done, the second foot layer was handled in the same 
way, then the third, the fourth, and so on until a depth was reached 
where no more roots were found. Later the larger roots which crossed 
the trench were dug out. They were traced from the point where 
they left the trench until they became too small to follow. 

In cases where it was thought that root penetration might be 
deeper beneath the tree than farther from it, excavations were made 
directly under the tree. When it was suspected that the first speci- 
mens might not represent a fair sample of the species, and other 
plants were available, these were studied also. By such means the 
depth and distribution of the root systems in the various soil levek 
were ascertained, and the maximum spread of the roots in the soil 
and^ their maximum depths were determined and tabulated. In 
addition, a limited number of soil-moisture determinations were 
made. 

PRESENTATION OP DATA 

ROOT DISTRIBUTION IN FARGO CLAY AND BARNES LOAM 

Table 1 shows a compilation of data secured from root studies with 
31 species of trees and shrubs growing on Fargo clay at Fargo, N. Dak., 
without irrigation. Trenches made m studying' these species ranged 
from 20 feet to 600 feet in length for each species. According to the 
United States Weather Bureau records, the mean normal rainfall at 
Fargo is 22.34 inches per year, but for the past 15 years the average 
has oeen only 17.78 inches and for llie past 6 years, 15.43 inches. 




Table 1. — Depth of penetration and lateral spread of tree and shrub roots in Fargo day 
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The data in table 1 show that 97.3 percent of the roots growing 
in Fargo clay were confined to the upper 4 feet of soil. The deepest 
penetration of any root — that of Hibernal apple — was lOK feet, and 
the slightest — that of butternut — was 2^ feet. The average of all 
wecies gave a mean maximum root length of 1.3 times the tree height. 
Blue spruce (with 0.4) among the evergreens, and Tamarix petUandra 
(with 0.7) among the deciduous trees had the smallest relative spread; 
while jack pine (with 1.9) among the evergreens, and chokecherry 
and black walnut (with 2.1 each) among the deciduous plants had 
the lar^st, (fig. 1, B~0). 

Ten Eyck {15) found, in a study of the root systems of cultivateil 
plants grown at this station in the same type of soil, that Rural 



Figure 1.— Diagram showing distribution of tree and shrub roots in Fargo day. (In the case of wide* 
spreading planu, roots are shown fully in one direction only. Lines beneath the soil level indicate Moot 
depths). At cross section of four tree rows, on a slope from a dry area into a moist one. Two rows of 
green ash grow in the middle with one row of golden willow on each side. Note the wider spread and 
shallower rooting of willow on the dry soil as compared to that on the soil which in normal years is flooded 
each spring. B, black walnut, Juglans nigra, C, hibernal apple, Matut iylvettrit. D, American elm, 
Ulmus amerkana, B, green ash, Fraxinu$ lanceolata. Ft northern cottonwood, PapvXug monUifera, 
Of mossycup oak, Quercut macrocarpa. H, Colorado iunii>er, Juniperui ieropulorum. 7, Colorado spruce, 
Picea pungent, Jt jack pine, Pinut banktiana, K, Siberian pea-tree, Caragana arboreaeent, L, Choke- 
cherry, Prunut nirfiniana, Mt Amur tamarix, Tamarix pentandra amureneie, N, buck thorn, mamnut 
mthartka, 0, Silver buflaloberry, Shepherdia argenUa, 


potato roots penetrated 3 feet deep, sugar beets 3K feet, native grasses 
4 feet, flax 2% feet, and Bromua inermis at least 5% feet and probably 
more. Weaver (16), in Nebraska, foimd that wild alfalfa penetrated 
16)^ feet, buffalo grass 7 feet, wheat 3 feet, com 8 feet, and alfalfa 
20 feet. Horseradish is reported {17) as penetrating 14 feet deep, 
carrots 8 feet, and squash as havi^ a 17-foot spread of roots with 
a O-foot downward penetration. Thus, it would appear that tree 
roots occupy much the same soil layers as do ordinaiy field crops. 

To compare the results obtained on the heavy day soil with un- 
certain drainage, characteristic of the conditions at Fargo, another 
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series of obserratioiis was made near Buffalo, N. Dak., 38 miles west 
of Far^ro. Buffalo lira just outside the Bed Biver Valley, and the 
soil, a Barnes loam, is lighter and more sandy j and except for the 
greater oreanic content near the surface, is uniform far mIow any 
depth reaped in the Fargo studies. Trees of the following species 
were excavated and studied: Golden willow, green ash, northern 
cottonwood, boxelder, and soft maple. It was fotmd that the depth 
of penetration and the spread of the roots in this soil were practically 
the same as in the heavy soil; perhaps a few inches deeper^ but not 
enough to affect the general conclusion. Data on golden willow and 
green ash are given in table 2. 

Table 2, — Effect of soil type and moisture on the roots of golden willow and green 

ash 


Roots in 60*foot trench 


Foot of depth and diameter of root 

Oolden willow 

Green ash 

(inches) 










Sandy soil 

Heavy clay soli 

Sandy soil 

Heavy day soil 


Dry 

Wet 

Dry 

Wet 

Dry 

Wet 

Dry 

Wet 

First: 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

0-M 

290 

83 

92 

64 

105 

252 

60 

70 

H'H 

3 

10 

25 

12 

0 

28 

9 

8 

^-1 

3 

4 

2 

0 

20 

8 

9 

0 

1-2 

0 

0 

4 

0 

5 

8 

0 

2 

Above 2 

3 

2 

0 

4 

0 

16 

0 

2 

Second: 









(Hi 

135 

94 

1^ 

96 

170 

164 

72 

93 

H-H 

6 

6 

22 

20 

5 

16 

C 

15 

Vi-l 

3 

0 

10 

12 

5 

8 

15 

4 

1-2 

0 

0 

0 

4 

0 

4 

3 

2 

Above 2 

0 

4 

0 

0 

0 

12 

0 

0 

Third: 









(hVi 

54 

176 

92 

104 

145 

152 

111 

260 

W->4 

0 

6 

10 

4 

0 

8 

9 

6 

W-1 

0 

2 

4 

4 

0 

0 

6 

6 

1-2 

0 

0 

0 

0 

0 

0 

0 

2 

Above 2 

0 

0 

0 

0 

0 

4 

0 

2 

Fourth: 











27 

134 

53 

136j 

55 

116 

52 

35 

H-H 

0 

2 

0 

12 

0 

0 

0 

6 

^-1 - 

3 

4 

0 

0 

0 

0 1 

0 

1 

1-2 

0 

0 

0 

0 

0 

0 

0 1 

0 

Above 2 

0 

, 4 

0 

0 

0 

0 

0 

0 

Fifth: 









0-M 

24 

64 

0 

84 

0 

28 

0 

75 



0 

0 

0 

4 

0 

0 

0 

4 

Sixth: 







i 



0 

94 

0 

92 





Seventh: 









0-14 1 

0 

28 

0 

24 





w-w 

0 

0 

0 

8 





Eighth: 









(hU 

0 

0 

0 

0 





Ninth: 









0-14 . - - 

0 

2 

0 

0 





Tenth: 









0->4— - 

0 

2 

0 

0 















Maximum depth reached by traced roots of golden willow in heavy day soil: Dry 6 feet 8 inches; wet 
14 feet. 


EFFECT OF SOIL MOISTURE ON ROOTS 

Around the edge of the tree planting at Fargo there is a slough 
which is dry dumig and greater part of the year, but during the 
spring of most years water stands m it for such long periods that it 
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is not suitable for ordinary crops. Four rows of trees, spaced 10 feet 
apart, have been planted at the edge of the wet area as a windbreak 
for the horticultural plots. The 2 middle rows are green ash and the 
2 outside rows are golden willow. Excavations were made in the low 
area and the distribution of roots growing under these moist condi- 
tions were compared with those on higher ground where the only 
moisture available was from the rain that fell there. 

In the case of the site near Buffalo, although the soil profile is 
relatively uniform throughout, the surface contour is somewhat 
irregular; that is, there are places into which the water from melting 
snow and flood water runs each spring, and other high points from 
which any excess surface water runs off. Excavations were made 
both on these liigh points and in the low places, and the roots of such 
trees as were available were studied. Table 2 presents the findings 
with respect to golden willow and green ash under the two moisture 
conditions. 

Table 2 shows that the willow rooted very much more deeply in 
both the sandy soil and clay soil when extra moisture wa.s avaflable. 
Figure 1, A, shows a diagram of a cross section of the windbreak at 
Fai^ running from the high land into the flooded area. This dia^am 
illustrates the difference in depth of rooting under the two conditions 
and also the much greater spread of the roots near the surface where 
the soil is d^. These deep roots of the willow were found to penetrate 
almost straight down until they reached their maxknum depth, where 
they spread out abruptly. Moisture studies showed that at this 
point, where a 7-foot layer of hard shale changed to a softer layer, 
there was 10 percent more moisture than at the top of the layer of 
shale. 

Table 2 also shows the difference in the rooting of green ash under 
the two conditions of soil moisture. Here, again, it will be noted 
that where the soil receives excess water the roots penetrate deeper, 
although they do not reach the depth attained by those of the willow. 
A minnar condition was found with respect to cottonwood, soft 
maple, and boxelder in the two locations on sandy soil. Trees of 
these species were not available for a similar comparison in the heavy 
soil. This deeper, penetration where extra water is available cor- 
responds closely to the flnding of Weaver {16) that wheat roots 
grown without irrigation penetrate to a depth of 3 feet and where 
irrigated to 5 feet, and that rye growing in d:^ ground penetrates to 
5 feet and in moist soil to 8 feet. Shallow wide-spread root systems 
in semiarid regions permit trees to utilize deficient natural rainfall 
more fully since, as reported by Finnell (4), little of the water reaches 
the subsoil. 

These root studies indicate that many of the trees which are known 
to be none too resistant to drought have a greater tendency to form 
deep, penetrating vertical roots in moist locations than do most of the 
drougnt-resistant forms. Soft mwle produces deep vertical roots 
occasionally. Cottonwood and Northwest poplar (a supposedly 
hybrid species) both form such roots occasionally though none of 
these produce a deep-penetrating root system in anythmg like the 
profusion that the golden willow, bronze golden willow, and white 
willow do when moisture is abundant. Known drought-resistant trees 
such as oak and choke cherry, which have compararivdiy deep root 
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systems, differ from those without such drought resistance in that the 
c[eep roots are characteristic of these two speaes regardless of moisture 
conditions. 

SUMMARY 

At Fargo, N. Dak., which has an average ramfall of 22.34 inches, a 
study involving 31. species of trees and shrubs showed more than 
97 percent by number of the roots to be in the first 4 feet of soil. 

Without irrigation, and if permitted to spread, the roots extend 
horizontally from 0.4 to 2.1 times the height of the tree, depending 
upon the species. 

When additional water, but not an excessive quantity is supplied, 
tree roots spread less and penetrate deeper. The effect of the addi- 
tional moisture is greater on some species than on others. 

The general distribution of the tree roots was much the same in 
clay as in sandy soils. 
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GERMINATION STUDIES ON AGED AND INJURED 

SEEDS ‘ 


By O. A. Sxicviatis 

Associate botanist, l^orth Dakota Agricultural Kxperimenl Station 
INTRODUCTION 

From 1909 to 1933, various invest^tions iwon problems of germi- 
nation were carried on at the North Dakota Seed Laboratory by the 
writer ^d his assistants and by advanced students under the writer’s 
supervision. The present paper mcludes results of some of the experi- 
ments that deal with speaal conditions of seeds. 

CLOVER AND ALFALFA 

LONGEVITY OF NORMAL SAMPLES 

Some of the first studies dealt with the seeding value of “hard” 
seeds in clovers. Much has been published on this subject since the 
i-osults of these studies were reported, and only certain features need 
to be considered here. In one of the first experiments six samples of 
alfalfa (Medieago satwa L.) and two each of sweetclover (MelUoius 
alba Desr.) and red clover (Trifolium praiense L.) were tested every 
2 months for hard-seed content. These samples, assembled in the 
early winter of 1913-14, have been continued as a longevity trial, 
and 20 years’ data are now available. The samples were kept m ordi- 
nary mahila seed envelops, stored in ventilated galvanized boxra 
which were kept in tlie laboratory either on or near the floor. Germi- 
nation tests were made between blotters by standard methods, and 
500 seeds were used for each test during the first season. 

The samples for the^ trials were sdected with much care. The first 
three of alfalfa shown in table 1 were grown in western North Dakota 
in 1913, no. 14497 was grown in Montana, and no. 14469 in South 
Dakota. No. 14487 was imported Turkestan seed whidh came from 
a wholesale seed house and showed the typical color and intermixture 
of foreign seeds. Both lots of sweetclover were secured from seed 
houses, the crop being new at that time and no locally grown seed 
available. No. 14295 was from a St. Louis dealer and no. 15093 was 
said to be Kansas-grown. No. 14295 was rather immature and con- 
tained after recleaning, about 30 percent of greenish-colored seeds. 
Separate tests showed a germination of 38 percent and 29 hard for 
these green seeds as compared with 66 and 33 hard for tbe yellow. 
The rM clovers were grown in Cass and Traill Counties, respectively, 
in North Dakota. A note in the original entry states; “All lots con- 
taining trash and %ht, shrunken seeds were blown in the vertical air 
blast separator to grade them evenly.” Notwithstanding tlm, the 
samples are not quite so carefully prepared as would be desired by 
present standard^. 

1 Becelved for pubUoation 7uoe 11, 1935; Issued February 1930. Paper no. 15, Journal Series, North 
DiPtota Agricultural Experiment Station. 
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T&sub 1 . — Oerndnation and j^eentage of hard teed in vonow* tamplee of aVedfa, 
tmddoeer, and red doner teed during the fird year of ttorage 


Pmoentage of germination and of hard feed In- 


Sample no. 

February 

April 

June 

August 

October 

December 


Oermi- 

Hard 

Oermi- 

Hard 

Oermi- 

Hard 

Oermi- 

Hard 

Oermi- 

Hard 

Oermi- 

Hard 


nation 

seed 

nation 

seed 

nation 

seed 

nation 

seed 

nation 

seed 

nation 

seed 

Alfalf<i: 













14368 

64 

33 

62 

33 

77 

21 

76 

21 

81 

15 

89 

8 

14307 

50 

38 

50 

83 

57 

27 

66 

28 

79 

18 

81 

14 

14407 

67 

32 

67 

27 

78 

19 

79 

20 

84 

12 

84 

12 

14497 

79 

16 

79 

16 

83 

14 

85 

13 

87 

10 

91 

7 

14469 

96 

8 

01 

6 

94 

5 

96 

3 

96 

3 

96 

2 

14487 

95 

4 

06 

2 

93 

3 

96 

2 

95 

1 

94 

3 

Sweetclover; 













14295 

50 

35 

67 

33 

58 

31 

64 

23 

60 

20 

63 

25 

16093 

68 

27 

70 

26 

69 

26 

60 

26 

71 

22 

09 

27 

Red clover; 













14446 

62 

35 

67 

36 

67 

20 

71 

22 

60 

26 

60 

28 

14448 

83 

12 

83 

8 

01 

7 

90 

7 

91 

6 

02 

4 


After the first year, only 200 seeds were used in each test os it was 
felt that the vanations would be somewhat smaller and that these 
samples would give the significant differences. In general, differences 
of less than 5 percent are not considered significant unless they appear 
consistently through a considerable number of tests. The causes and 
extent of variation have been discussed by the writer in another 
pa^r (5).* 

Germination tests, although carried out under standard conditions 
in standard chambers, are subject to some variations, especially in 
respect to mobture. It is believed that the common legume see^ 
are as little sensitive as any kinds of seeds and that t^ factor is 
relatively unimportant. The personal factor, however, is important 
in longevity trials. The actual work on these samples was done by 
six or more different workers as the laboratory staff changed from 
year to year, but at all times the tests were under the supervision of 
the writer. More important than the personal element is the fact 
that old seeds differ from new both in behavior and appearance. This 
nu^es it more difficult in the case of old seeds to determine “normal “ 
germination, “hard” seeds, etc. Even if the work is done by the 
same person each year, his standards may change unconsciously. 
Seed laboratory methods, especially the interpretation of germination 
tests, have been under constant scimtiny in an effort to secure more 
nearly imiform procedure. Some soil tests of these samples have been 
made but not r^ularly, and a field trial of 4 of the alfalfas and 1 sweet- 
cloverisreportedin connection witib other trialsfp. 1098). Theforegoing 
cfiscussion applies to the data in tables 1 ana 2, and also to other 
trials to be described in later paragraphs. 

A summary of the results of we germination teste with alfalfa, 
sweetclover, and red clover is given in table 1. It will be noted in 
table 1 tibat the alfalfa which began with a fairly high percentage of 
hard seed showed a well-marked decrease by Jxme, and a still further 
decrease by late fall. A similar, but less marked effect, appears in 
riie red clover. One sweetclover sample showed practically no change, 

* Befenenoe is iiiadcj]by zmmber (itolio) to Literature Cited, p. 1106 . 
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while the other showed a decrease in hard seeds but without a coire> 
sponding increase in germination. A test of all samples in June 1915 
following gave practically the same results as the December test. A 
summary by 5-year periods is shown in table 2. 

Table -termination and percentage of hard seed in various samples of a^aJfa, 
Bweetdoverf and red clover seed by o-^year * intervals over a period of 20 years 


Percentage of germination and of hard seed in— 


Sample no. 

1914 

1920 

1924 

1929 

1934 


Germ!* 

nation 

Hard 

seed 

Germi- 

nation 

Hard 

seed 

Germi- 

nation 

Hard 

seed 

Qermi* 

nation 

Hard 

seed 

Germi- 

nation 

Hard 

seed 

AUalfk: 

14358 

64 

33 

70 

1 

69 

2 

55 

0 

53 

2 

14397 

59 

38 

72 

3 

68 

3 

71 


64 

4 



32 

79 

3 

72 

5 

65 


55 

3 

14497 

79 

16 

53 

1 

59 

5 

53 


54 

1 

14469 

96 

3 

81 

2 

78 

2 

81 

1 

82 

1 

14487 

95 

4 

95 

0 

86 

0 

85 

0 

76 

0 

Sweetclover: 











14295 

59 

35 

32 

30 

28 

23 

22 

21 

26 

18 

15093 

68 

27 

71 

16 

60 

15 

58 

14 

48 

22 

Red clover: 











14446 

62 

35 

56 

27 

46 

14 

32 

14 

16 

17 

14448 

83 

12 

40 

13 

39 

4 

17 

3 

7 

6 


1 No test was made between 1914 and 1920. 


Table 2 indicates (1) almost complete loss of hard seed in the alfalfa 
during the first 5 years, but a long retention of a small percentage; 
(2) retention of over 50 percent of viability in the same samples at 
20 years; (3) retention of 75 to 80 percent of viability in two samples 
of alfalfa which contained practically no hard seeds at the beginning ; 
(4) a much slower decrease of hard seeds and about equal decrease 
in germination in the sweetclover, the total loss being greater than 
in the alfalfa; (5) a still more rapid decline in red clover to a very 
low germination at 20 years; and (6) a marked difference in the be- 
havior of different samples of the same kind of seed. 

The finding of an exceptionally high retention of viability in two 
s^ples of alfalfa which had a low content of hard seed at the begin- 
ning of the experiment is perhaps surprising, and emphasizes the 
mdividuality of samples. Smce the hard-seeded condition in alfalfa 
is rather temporary, there seems little repon to expect that it would 
affect the longevity. Where this condition is of long duration as in 
sweetclover, we naturally expect the permeable seeds to lose their 
vitality first, the hard seeds retaining theirs at least until the coats 
become permeable. 

The first experiment had shown a marked decrease in hard seeds 
in alfalfa samples during the first year, but more frequent ^ts 
seemed desirable. A new series of samples which had been received 
from Noveml^r 1914 to April 1915 was assembled and tested in the 
same way the Ist of each month from April to October. These 
were frem seeds all with a high percentage of hard seeds and grown 
mostly in North Dakota (1 Minnesota, 2 Montana, 1 unknown). 
The averages of the results are given in table 3. 

27052— se — t 
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Tabls 3 . — QerminaHon of and vercenUige of hard seed in various samples of a(fal/a» 
sweeleloveT^ and red dover seed between April and October 


Percentage of germination and of hard seed in — 


Seed 

April 

May 

June 

July ' 

October 

Ger- 

min- 

ation 

Hard 

seed 

Ger- 

min- 

ation 

Hard 

seed 

Ger- 

min- 

ation 

Hard i 
seed 1 

1 

Ger- 

min- 

ation 

Hard 

seed 

Ger- 

min- 

ation 

Hard 

seed 

Alfalfo (8 samples) 

43 

66 

60 

30 

63 

36 

66 

82 

72 

26 

Sweetclover (8 samples) 

30 

66 

36 

60 

33 

63 

88 

60 

33 

60 

Red clover (3 samples) 

00 

89 

62 

36 

65 

84| 

64 

85 

64 

35 


These ^ults bear out those of the first trial, in showing a sharp 
decrease in the percentage of hard seeds in the alfalfa in early spring 
and a continued decrease at a slower rate during the rest of the sum- 
mer. The sweetclover and red clover showed practically no change 
during the year. Retained for 15 years longer, the samples have 
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Fioure 1. —Results of combined germination tests of all samples of alfalfa (A) and sweetclover (R'l after 
various periods of storage. No data for the years 16 to 19, inclusive. 


shown decreases comparable to those in table 2, again with consider- 
able differences between apparently similar samples. 

A third similar lot of samples was selected in 1920 for a scarified 
seed test. The unscarified portions of these samples were tested 
each year imtil 1930. By comlnning all the data available for the 
different lots of normal alfalfa and sweetclover seed, and considering 
only total viability (germinating plus hard), the graph shown in 
figure 1 was secured. 

The results agree in general with those found by Sifton (7), but 
indicate considerably higher retention of viability. Possibly this 
is due to the fact that samples containing a high percentage of hard 
seeds were used for the most part. However, the highest germination 
of all samples at the age of 20 years was from two samples of alfalfa 
which contained very few hard seeds. Sifton has called attention 
to the rather sudden loss of vitality in the cereal seeds after about the 
tenth year, as compared with a g^ual decline in the clovers. The 
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different behavior of cloveie is possibly accounted for by the fact 
that they Wve a less uniform maturity, are subjected to a greater 
d^ee of injury in threshing, and unde^o a gradual loss of imper- 
meable seed coat. 

LONOEVITV OF SCARIFIED SEEDS 

The longevity of scarified sweetclover seed has been discussed 
quite fully in another paper {11, p. IS). The behavior of scmified 
mftdfa seed is essentially similar. The scarified seeds lose their 
vitality in the course of 1 to 2 years, probably as a result of increased 
oxidation permitted by the broken seed coats, and the loss of vitality 
in the remaining seeds of the sample then proceeds m with unscm- 
fied seeds. Different samples may behave quite differently owing 
to variations in degree of scarification or other abrasions in tmesbing, 
or to degree of maturity and other natural influences. The fact 
that the hard seeds of alfalfa become permeable to a l^e extent 
during the spring of the first year, and that they will germinate better 
in the field wan in the laborato^, has practically closed the question 
of scarification so far as alfalfa is concerned. 

GERMINATION OF FROSTED SEEDS 

The germination of the immature seeds of sweetclover and of 
those discolored by frost has already been discussed {11). Immature 
seeds of alfalfa are relatively rare, but a small percentage of brown 
seed is very commonly present and is an important factor in the 
commercial value of the seed. The crop of 1925 contained an tmusu- 
ally large amount of seed discolored by frost. The germination of 
the brown seeds was found to be quite good if they were plump and 
of good weight, but it seemed desirable to determine whether such 
seeds would retain their viability. A series of 5 samples of alfalfa 
and 2 of sweetclover, all North Dakota grown, were assembled. All 
samples were carefully recleaned and approximately 20 g of each was 
separated by hand into brown and yellow, and stored in separate 
packages. The character of the samples is indicated in table 4. 


Table 4. — Quality of North Dakota grown alfalfa and sweetclover seed samples 
as affected by the presence of brown seeds discolored by frost 


Seeds and sample no. 

Place grown in Nortb Dakota 

Percentage 
brown (by 
weight) 

Weight of 200 seeds 

Yellow 1 

Brown 

Alfalfa: 

47581 

Hastings - 

IHII 

Grams 

o,m 

Oram 
a 340 

48248 

Washburn 


.420 

.380 

48770 

Amegard 


.406 

.360 

48828 * 

Washburn __ _ _ 

46.2 

.416 

.380 

40063 

T.f|r1r . 

30.4 

.416 

.305 

Sweetclover: 

47460, 

Christine,. 1 

61.6 

.390 

.370 

48034, 

HcNraoe...... j 

31.8 

.420 

.386 





The results of these tests were somewhat more difficult to interpret 
than those of the previous experiments because the condition of “hard” 
seeds is not so easily recognized in the brown condition. In general 
it may be said that dunng 6 years of storage the average actual 
germination of the yellow seeds in the alfalfa remained constant ta 
about 67 percoit, while the hard seeds decreased from 25 to 12 
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percent. In the bro\^ seeds, germination decreased from 54 to 30 
percent, while the hard seeds remained practically constant at about 
13 percent. In the sweetdover, germination decreased from about 
70 to 50 percent in both yellow and brown seed, and the hard seeds 
remained essentially constant at about 30 and 25 percent, respectiyely. 

These results differ from those previously obtained by uie writer 
and by other workers in indicating a longer retention of the hard- 
coated condition by frosted seeds. As previously sugxested, it was 
felt that there was some question about the brown seeds recorded as 
hard at the end of the usual test. In 1935 the hard seeds remaining 
at the end of the test were carefully reconsidered, but without any 
material change in the results. All of the remaining hard seeds were 
then scarified by rubbing with emery cloth and replaced in the 
germination chamber. In two of the alfalfa samples (nos. 48248 and 
48828) about two-thirds of the brown hard seeds softened without 
producing normal sprouts. In the other samples this result was less 
marked, though in ml samples there were more dead brown seeds than 
yellow ones. The average additional percentage of dead seeds added 
to the original result by scarifying the hard seeds was 15 and 3 for the 
brown and yellow sweetdover and 7.5 and 1 for the alfalfa, respec- 
tively. It thus appears that in some of these hard brown seeds the 
vitality of the seed had been destroyed without rendering the coat 
permeable. Since no test of this sort had been made previously it is 
not known whether this occurred in the first instance or during storage. 

FIELD GERMINATION OF CLOVERS 

Of various field trials, two were quite extensive and of special 
interest since they included aged and injured seeds. In 1927, Wm. M. 
Jackson, at the Ellendale (N.Dak.) Normal and Industrial School, carried 
out a series of tests outlined by the writer. Plantings were made on 
May 6, May 26, June 22, and July 13. The first two were the most 
successful. In the latter two germination was poorer and weeds were 
more troublesome. A total of 45 carefully selected samples was 
used in the following groups: (1) Check— 1 alfalfa, 3 sweetdover; (2) 
hard seeds — 4 alfalfa, 3 sweetdover; (3) broken (chipped and cracked) 
producing broken sprouts — 5 alfalfa, 4 sweetdover; (4) immature — 5 
alfalfa, 4 sweetdover; (5) frosted — 3 alfalfa, 2 swcetclover; (6) old— 4 
alfalfa, 1 sweetdover. 

For each planting 200 seeds were used. The old seeds were from 
the same samples shown in table 1, and therefore were 14 years old. 
The frosted seeds were from the samples listed in table 4, and were 
only 1 year old. The average weight of the seeds in the immature lots 
was 60 to 70 percent of that of normal seeds. The samples with 
broken seeds produced from 18 to 59 percent of broken sprouts in 
the blotter tests. While these are not counted as germinated, it was 
suspected that there were other sprouts which would not succeed 
in producing plants. Expresdng the results in terms of percentage 
of plants in the field to germination in blotters the averages for all four 
plantings were: 

(1) Checks — alfalfa 64, sweetdover 51. 

(2) Hard seeds — alfalfa 123, sweetdover 48. 

(3) Broken seeds — alfalfa 42, sweetdover 24. 

(4; Immature — alfafa 23, sweetdover 23, 

(5) Frosted — alfalfa, yeUow 59, brown 38: sweetdover, yellow 53, brown 40. 

(6) Old — ^alfalfa 41, sweetdover 37. 
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The dieck sample of alfalfa showed about 15 percent of hard seed in 
the blotter test, the sweetdovers less than 10 percent. In series 2 
about 65 percent of hard seeds were present in both alfalfa and sweet- 
dorer, and here the alfalfa produced more than twice as many plants 
as the sweetdover; that is, a large number of the hard seeds of the 
alfalfa produced plants and apparently none or few of the sweetdoTer . 
In the other lots, normal seeds produced about half as many plants as in 
the blotter test, the old and discolored seeds 10 to 15 percent less, and 
the immature and broken seeds about one-fourth as many. The 
marked difference between the alfalfa and sweetdover in the broken 
seeds is probably due to the difference in behavior of the hard seeds (35 
percent present). 

A second and similar trial was carried out atFargo, N. Dak., in 1928 
by W. A. Davidson. The same samples were used for the old and 
discolored seeds, but for the other lots new samples were employed 
similar to those used in the previous trial. Flantiims were made on 
May 22 and July 9. The first gave better results. The soil was ve^ 
dry at the time of planting, but rain fell on Jime 7 and the soil was in 
good condition at the time of the second planting. The results were 
similar to those at Ellendale and calculated on the same basis were: 

(1) Checks — 'alfalfa 48, sweetdover 62. 

(2) Hard seeds — alfalfa 146, sweetdover 61. 

(3) Broken seeds— alfalfa 22, sweetdover 32. 

(4) Immature — alfalfa 24, sweetdover 27. 

(6) Frosted — ^alfalfa, yellow 70, brown 40; sweetdover, yellow 63, brown 36. 

(6) Old — alfalfa 46, sweetdover 33. 

A field plantiag was made May 8, 1920, of machine-scarified and of 
unscarified sample from identical lots of fresh seed. Calculated as 
in the preceding paragraph, the results were: 

Alfalfa, 8 sanmles — unscarifled, in field, 147; scarified, germinated between 
blotters, 198, in field 181. 

Sweetdover, 3 samples — unscarified, in field, 82; scarified, germinated between 
l)lotters, 148, in field 104. 

Red clover, 1 sample — unscarified, in field, 73; scarified, germinated between 
blotters, 102, in field 67. 

In the 1920 planting, the seedlings were removed as they appeared 
and the experiment was carried on for only 1 month. In the other 
two plantings, the plants were left during the smnmer. On the whole, 
the results are in fair accord with those of other workers, although 
they do not indicate the gennination of hard seeds later in the season 
as reported by Leggatt (S) and Whitcomb (IS), nor their better ger- 
mination at higher temperatures as reported by Lute (4). The 
influence of the variable factors of soil and weather areobviouriy ve^ 
great. The writer wishes to stress particularly the variabihty in 
condition of samples. A classification mto “scarified” and “unscari- 
fied ” often is meaningless because of the variable effects of the scarify- 
ing process. This has been shown by the writer {11, p. 16) in & study 
of sweetdover. 

LONGEVITY OF SOYBEANS 

A collection of 23 samples of soybeans {S<^a max (L.) F^er) tested 
for the Department of Agronomy of the North Dakota Experiment 
Station in 1924, was again tested in 1926 and 1928, and a few were 
tested in 1929-31. One hundred seeds were used for each test. The 
crop years of 1921, 1922, and 1923 and seven varieties were repre- 
sented. The combined results are presented in table 5. 
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Tablb ^,^Viah%lUy of soybeans of the crops of 19B1SS after storage in labora;toryy 
100 seeds being used per test 


Results after storage for indicated number of years 


iiem 

1 

2 

3 

D 

i 

6 

D 

8 

9 

Samples 

.number-- 

13 

4 

17 

B 

B 

8 

■ 

4 

3 

Average germination 


92 

91 

83 

84 

67 

66 

61 

47 

30 


Four of these samples gave 80 percent or more gennination in 5 
years, while only two had dropped below 50 percent. One sample 
of the Chestnut variety gave 90 percent the eighth year, but fell to 
47 percent the tenth year (the only record for the tenth year). One 
sample of Manchuria gave 90 percent the seventh year but dropped 
to 66 percent the eighth year. The Wisconsin Black variety usually 
has shown considerable hard seed in fr^h samples, but the two lots 
of it in this series did not hold their viability as well as some other 
varieties. In 1931, three of the best and three of the poorest samples 
were planted in the garden. The results are shown in table 6. 


Table 6. — Comparison of laboratory and field germination of old samples of soy- 

beans of different varieties 


Variety 

Age 

Qermluation 

in 

laboratory 

Germination 

in 

held 

Chestnut— - - 

Ytant 

10 

Percent 

47 

Percent 

39 

Manchu. ... 

9 

33 

6 

Manchuria.. - 

8 

00 

44 

Mandarin.. - 

9 

21 

22 

Manchuria.. 


14 

4 

Minsoy.... 

*8 

16 

10 



The results of these tests are in fair agreement, considering the 
small number of trials, and are sufficient to show that the samples 
were all capable of producing plants in the field. It may be mention- 
ed that some of them are stul continuing (1935) to produce volunteer 
growth each year as a result of spontaneous reseeding. 

GERMINATION OF BROKEN SEEDS IN FLAX 

The broken seeds of flax {Linum usUatissimum L.) present a con- 
siderable problem, as may be seen from the fact that all samples 
examined at the seed laboratory from the crop years 193r^nd 1932 
contained an average of 4.5 percent by weight of pieces comprising 
not more than one-half of a seed. This includes samples of all kinds, 
cleaned and imcleaned. Occasionally the amount runs as high as 
15 percent. The seeds may be broken in various ways, but reference 
is made especially to those that are broken transversely. In deter- 
minations of purity, according to the rules of the Association of 
Official Seed Analysts of North America [12), pieces of not more 
than one-half the size of a seed are placed in ^^inert matter'^ while 
pieces exceeding one-half are placed in ^‘pure-seed.^^ Although this 
procedure results in placing pieces from the larger end of the seeds 
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which contain no plumules with the seeds used for gemunation, it 
has been retained as the simplest working basis for seeds of most 
species. 

From the 1930 crop, 11 cleaned samples were selected for germi- 
nation experiments. All were of the Bison variety, ^wn in seven 
different counties, well distributed over Nortli Dakota. Sach 
sample was separated carefully into five divisions which gave an 
average composition in percentage by weight as follows: (1) Perfect 
seeds, 80.5; (2) slightly cracked, 6.8; (3) omy small pieces broken off, 
4.3; (4) plumide ends; more than one-half of a seed, 1.8; (5) plumule 
ends, less than one-half, 2.3. The separation into the five groups 
involved a considerable element of personal judgment, particularly 
in group 3, where minute pieces of seed coat may be broken from the 
plumule end in as much as 20 to 30 percent of the seeds. Such seeds 
were not used. The separations were made on 20 g by a single ex- 
perienced worker after various comparative trials had been made 
by different workers and many pieces had been weighed. Seeds were 
tested in soil in the germinating chamber and a field planting was 
made about May 20. The soil in the field plot was firm and in good 
condition, and although the weather turned unusually warm a few 
days after the seeds were planted, germination and growth were good. 
The counts recorded in the field are of plants finally produced. The 
results of the tests are shown in table 7 and figure 2.^ 



Figure 2,--Germination of normal and of broken seed of flax in soil in the germinating chamber, showing 
sample no. 64160, In front, and no. 03473, behind: A, Normal seed; B, slightly cracked seed; C, seed with 
only small pieces broken oit; plumule ends, more than one-half of a seed; E, plumule ends, less than 

one-half of a seed. 

It was somewhat of a surprise that even a few plants were pro- 
duced by the small pieces. The- variation in the samples in the field 
was striking, but it seemed to be mainly accidental as similar differ- 
ences were not found in the soil tests in the chamber. No other 
sample gave such a high percentage of plants in the field from the 
normal seeds as no. 64160, yet all of the broken lots from this sample 
gave very poor results. The behavior of this sample in the chamber 


3 Special credit is due Isabel Barrett for the laboratory work on this experiment as well as for work on 
other projects over several years. Charlotte and Anita Mary Blake did a considerable amount of the work 
on the earlier projects. 
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was quite sunilar to that of no. 63473; in fact it gave the highest 
number of sprouts from group 2. 


Tabi.b 7 . — Germination (percent) of perfect and of broken flaxeeed in coil in the 
germination chamber and in the field 


Sample no. 

Perfect seed 

Cracked seed 

Slightly 
broken seed 

More than 
half a seed 

Less than 
half a seed 

Cham- 

ber 

Field 

Cham- 

ber 

Field 

Cham- 

ber 

Field 

Cham- 

ber 

Field 

Cham- 

ber 

Field 

641(10. 

97 

90 

86 

12 

73 

7 

51 

0 

9 

0 

634r3 

91 

69 

64 

52 

.56 

50 

48 

19 

28 

7 

Average of 11 samples 

H9 

63 

73 

30 

57 

20 

38 

8 

13 

3 

Weak growths. 

2 


7 


11 


17 


15 














GERMINATION AND LONGEVITY OP HULLED TIMOTHY AND 
OTHER HULLED SEEDS < 

Several workere who have reported (I,S) on the relative germina- 
tion of hulled (naked caryopses) and unhulled (enclosed by lemma 
and palea) grains of timothy (Phleum prafense L.) found a con- 
siderably lower average germination for the hulled grains, but they 
did not carry the study further. McRostie (5) concluded (on the 
basis of one lot only?) that no serious deterioration should take 
place in 3 or even 4 years of storage. Newton and JTicht (6‘) found 
a rather rapid decline in germination of the hulled grains, but this 
was not reflected in the field because the rate of seeding was suffi- 
ciently heavy to provide enough plants. From their germination 
tests the one lot used appears to have been of representative char- 
acter. The present writer reported (10) upon a survey of 77 samples 
received in the year 1923-24. From these, 10 samples which con- 
tained from 36 to 63 percent of hulled grains were selected and stored 
with the samples of clovers already discussed. These have been 
tested in May of each year, using each time 200 each of hulled and 
unhull^, and placing the separations from a given sample on the 
same blotter in the chamber. Only samples which showed a high 
initial germination of the hulled grains were used. The average 
initial germination was 95.2 for the nulled and 98.6 for the unhulled. 

Figi^ 3 shows that the viability of the unhulled seeds remained 
essenti^y unimpaired for 5 years, after which it declined with 
increasing rapidity. The hullra grains lost viability steadily from 

« In North Dakota and neighboring States the term hulling" is in common use for the process of re* 
moving the covering (pod, pericarp) from the seeds of legume forage crops. Especially in sweetdover, 
the seeds are termed "unhulled" in their original condition and "hulled" after the pericarp has l^n re* 
moved. It should be noted that In this sense the term "bulled" refers to the result of a mechanical op* 
eration. Scientific writers have often described the grains of grasses as "hulled " when normally enclosed 
by the lemma and palea after threshing. "HuUdess" values are those which normally are freed from 
the lemma and palea in threshing. ,The naked condition In timothy and in the common varieties of 
millet is abnormal. Perhaps " deglumed " would be a better term for these, but it appears impossible to 
establish a simple and precise terminology for so many variants. The usage employed in the present 
paper is that commonly used commerciauy. 
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PLATE 1 


f j 

X 

. 

/J 1 

* T . 


Germination of hulled and unhulled timothy seed after 8 years’ storage* A and C, hulled, B and D, unhulled; 
A and B, sample no 42260; Cand D, sample no. 43869. No. 42260 gave the best results for hulled seed and 
no 43869 the poorest. 
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the first, and in the better samples the results tended to approach 
those of the unhulled grains.^ In addition to these differences there 
were variations between individual samples, distinct breaks occor- 
riw in various years. 

Personal judgment might seem to account for some of the apparent 
irregularities, but these usually concerned only certain samples, no 
general differences appearing in all of the samples in any one year. 
The sprouted grains from the test in 1932 of one of the best and 
one of the poorest samples are shown in plate 1. A soil test ot no. 
42260 made in the chamber on the same date gave 40 and 83 percent 



1924 1925 1926 1927 1926 1929 1930 1931 1932 1933 1934 1935 

YEAR OF TEST 

Fiuubs 3.— Oermination of hulled and unhulled tlmothv in storage. Average for unhuUed (A) and hulled 
(j 9) in 10 samples; a^rage of 6 best (C) and 4 poorest (D) of the hulled. 

for the hulled and unhulled as compared with 61 and 92 for the 
blotter test and 89 and 98 for a soil test of a fresh check sample. 

It was noted in 1934 that germination continued after the 8-day 
period, and when the seeds were left for 9 days more, an average 
additional 6 and 17 percent was recorded for the hulled and unhulled 
seeds, respectively. There were many grains producing shoots but 
no roots (therefore not counted as germinating), these averaging 
5 and 6 percent, respectively, for the nulled and tmhuUed, but with 
the greatest variation in the latter. The imhuUed seeds of sample 
no. 43869 retained thrir vitality best of all the samples, butl^e 
hulled heeds made][jone of the poorest showings. The information 
regarding this sample indicated Aat it was overripe and had stood 
in the shock, but was not damaged by rain. 
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It appears from these tests that while the hulled seeds usually 
germinate more poorly than the unhuUed, in some samples they 
may be little inferior at first but lose vitality more rapidly than the 
unhulled. There may even be wide differences in rate of loss be- 
tween the two kinds in one sample. 

For several years comparative ^ts have been made whenever 
samples were available of the germination of the naked caryopses of 
grains which normally remain enclosed by the lemma and palea, 
particularly those of emmer (Triticum dwoccum) and quackgrass 
(Agropyron repens). The results are summarized in table 8. 

Tabib 8 . — Germination of various seed in hulled and unhulled condition 


A verage ^ varage germination 

content 

of hulled I 

seed Hulled Hnhulied 


PereeiU PrrctiU Pei cent 
Hi Kl 97 

(») 18 74 

2U 9H 95 

22 r>l 94 

18 ft'i 91 

10 72 9r> 

37 16 78 

100 6 

100 31 

70 24 86 

03.6 16 01 

100 24 

60 40 86 

3 08 98 

27 17 


i 01(1 and moldy. 



In these tests it was found that the hulled seeds germinated more 
poorly, but with large variations, some samples showing no differences 
between the bulled and the unhulled. The hulled oats varied from 
63 to 98 percent and with little relation to the amount of bulled grains 
present. 

The millets are probably of most importance. A record has not 
been kept of the percentage of hulled grains in all samples, but in the 
proso millets it frequently reached 20. In the foxtail millets it was 
much lower. The bristle grasses were obtained from samples of 
alfalfa and sweetclover, chiefly from the 1927 crop which contained 
large quantities of these seeds. The lemma and palea envelop the 
caryopsis closely, but are frequently removed by the close hulling 
which the seed receives. The radicle of the embryo often is broken 
in the process. The yellow bristle grass, because of its larger size, 
is nearly always hull^ and very often broken. An outstanding 
sample among the bristle grasses was one in which 93 percent of the 
grains were hulled and 87 percent of them germinated, the highest 
germination in the entire group. In another sample containing 50 
percent hulled seed, 71 percent germinated, the second highest test, 
while of the unhulled seed 70 percent germinated, the lowest by 12 
percent, for the group. Bristle grass germinated readily in all cases. 

In quackgrass, the lemma and palea adhere tight^ and the radicle 
projects distinctly so that it is very often broken a little. The fourth 
sample reported in table 8 was secured from a dealer who stated 




])««. IS, ins Oerminatim Stvdm m Aged and Injured Seeds 


1105 


that it came in>m iiew«crop sweetcloTer idiich had just been hulled 
and scarified. The first test was made Apid 1. On May 1 and 
June 1, the hulled quackgrass gave the same germination, but on 
December 1 it gave only 4 percent, the unhulled 91 as before. 

Wild buckwheat is a common impurity, and in alfalfa or other small 
seeds it becomes considerably broken. The embryo lies close to the 
surface, on one angle, and so is likely to be imured m hulling, which in 
this case means removal of the pericarp. The germination tests on 
this seed were unsatisfactory, as the normal seeds failed to respond 
in 3 cases out of 4. Nor did they respond to any extent to chipping, 
testing in soil at 18° C., or on blotters at 14°. The ordinary buck- 
wheat (Fagopyrum) is not at all comparable to wild buckwheat, for 
its embryo lies in the center of (Jie seed. 

LONGEVITY OF PERENNIAL SOWTHISTLE SEEDS 

The acheues of Sonchus urvensls have germinated readily with the 
usual 20°“30° C/. alternation as previously reported (9), and quite 
uniformly liave produced about 95 percent. Many tests have been 
made, but no regular annual ones. Fresh seed has been collected 
nearly every year and as tested May 1, 1935, these lots showed a 
poor growth for the 1929 crop and none for the crops of 1922 to 1928. 

SUMMARY 

Annual germination tests were made upon various seeds stored in 
the laboratory up t o 20 yea rs. Under these conditions the viability 
of good nlfalfa and Sweetclov^ seed declined steadily from about 95 
to about 50 percent m 20 years. Red clover dropped to about 10 
percent. 

Hard seeds in alfalfa became permeable to a large extent during the 
spring months, and while few hard seeds remained after 1 year, from 
1 to 4 percent were pr^ent even after 20 years. In red clover there 
was a slower decrease in hard seeds, and in sweetclover very little, 
two samples retainii^ at 20 years one-half and four-fifths, respec- 
tively, of their original hard-seed content. Some samples which 
originally contained few hard seeds retained their vit^ty as well as 
others. Seeds of alfalfa and sweetclover touched with frost when 
maturing showed greater retention of hard seeds than did normal lots, 
but in some cases these did not produce normal sprouts when scarified. 

In field planting of samples containing a hi^ percentage of hard 
seeds, alfalfa produced from one-fourth to one-half more plants than 
was indicated by blotter test, while alfalfa which did not contain a 
large amount of bard seeds and sweetclover both with and without 
hard seeds, produced only about one-half as many plants as indicated 
by the blotter test. 

Twenty-year-old seeds of alfalfa and sweetclover, and also fresh 
seeds discolored by frost but of nearly normal weight, gave results 
in the field only shghtly lower in proportion to their blotter test than 
the normal seeds. Broken and quite immature seeds gave only 
about one-half as good results. 

Soybaans-dgclincd steadily but retained an average viability of 30 
percent at 9 years. 
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Broken seeds of dax gave poor germination, but even pieces of less 
than one-half of a^ted-gave a maximum of 12 (average 3) percent of 
plants in the field. 

Normal grains of iimothy retained normal viability 5 6 years, 

then declined rapidly to 60 percent in 10 years. Hulled (oeglumed) 
grains from the same samples declined steadily to about 20 percent 
m 10 years, but the better lots decreased to only 70 percent in 6 
years. 

MUgts, especially the proso tjrpes, often had a considerable pro- 
portion of grains without glumes, and these germinated poorly. 
Grains of green bristle grass, found in samples of clover and deglumed 
through cfover hulling, were similarly injured. Grains of quackgrass 
were commonly broken in the same process but gave as high as 30 
percent germination. 

Seeds of perennial sowthistle retained their viability for 5 years 
only. Wide differences were observed in the behavior of apparently 
similar samples, and the causes and extent of variations in such tests 
is discussed. 
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THE NUTRITIVE VALUE OF SKIM-MILK POWDERS, WITH 
SPECIAL REFERENCE TO THE SENSITIVITY OF MILK 
PROTEINS TO HEAT » 

By B. W. Fairbanks, special research assistant in animal nutrition^ and H. H. 

Mitchell, chief in animal nutrition^ Illinois Agricultural Experiment Station ’ 

INTRODUCTION 

In the commercial dehydration of raw liquid skim milk the immedi- 
ate practical objective is the production of a dry powder that may be 
conveniently stored and readily transported. The agency of del^dr^ 
tion is heat. In the merchandising of these powders emphasis is 
placed upon their high nutritive value, particularly as sources of 
protein, of calcium, and of vitamin G. It is commonly, if tacitly, 
assumed that they are equal in nutritive value to the solids of raw 
liquid skim milk. However, there is more than a remote possibility 
that the h^t treatment to which they have been objected has 
lowered their nutritive value, although little definite evidence to this 
effect has been found in the literature. 

In the drying of liquid skim milk, there are tunes when the resulting 
products are scorched. This scorching is caused in different ways, 
and under careful management it may be prevented. The point of 
interest here is that these scorched products are offered for sale 
tlux)ugh the various merchandising channels. In such cases there is 
ocular evidence that processing has changed the milk solids, but to 
what extent the nutiitive value has deteriorated there is again no 
available evidence. 

While many types of equipment are used in the manufacture of dry 
skiin-milk powders, only two distinct processes of dehydration aj'c in 
general use, one the roller process, and llie otbcj' the spray i)rocc.s8. 
I’owders made by the roller process arc hugely incrchandised as 
animal feed, while the powdejs sold for human consumption are 
largely prepared by the spray process. Whether the powders 
produced by the two processes are of equivalent nutritive value is not 
definitely known. 

Of the 288,000,000 pounds of dry skim-milk powder produced in the 
United States in 1933, about 60 percent went into human consumption 
through such media as bakery goods, ice cream, confectionmes, and 
breakfast cereals. The remaining 40 percent was sold as animal feed. 
The former channels of consumption obviously represent the most 
particular and fastidious of sales distribution, in which a scorched 
product is frowned upon because of its off color and taste. The 
animal-feed buyer is not opposed to the scorched product because 
of color or taste, but he does, and should, view it with some doubt 
on the score of its nutritive value. 

1 Beoeived for publication July 11, 1935; issued February 1930. The experimental data reported in this 
article have been taken in part from the thesis of B. W. Fairbanks submitted in 1935 to the Graduate School 
of the University of Illinois in partial fulflilment of the requirements for the degree of doctor of philosophy 
in animal husbandry, and in part from an experiment station project. The investigation carried on by 
the senior writer was made possible by the donation of funds and samples of skim-milk powders to the 
University of Illinois by the American Dry Milk Institute, Ino. 


Journal of Agricultural Hesearch. 
Washington, D. 0* 


( 1107 ) 


Vol, 5l,"no. 12 
Deo. 15, 1935 
Key no. I11.-62 



1108 


Journal of Agrmdtvral Beoeareh 


Vol. no. 12 


The investigation imported in the followii^ pag^ was planned to 
solve these problenas, in part at least, but mainljr as they mate to the 
changes in the nutritive value of milk solids induced by the beat 
processes employed in the commercial manufacture of skim-milk 
powders. 

REVIEW OP LITERATURE 

Nevens and Shaw {ISy showed that the digestibility of the proteins 
of whole-milk powder was appreciably less than that of the proteins 
of liquid whole milk. They md not observe any significant differences 
in the digestibility of the proteins of whole-milk powders produced 
by the roller and the spray processes, although Miyawaki, Kanazawa, 
and Kanda (11) claim, on the basis of in vitro digestion experiments, 
that the digestibility of the proteins of roller-process powder is some- 
what less than that of spray-process powder. 

Chick (£) and Goidblatt and Moritz (5) compared the growth- 
promoting values of unheated and heated casein, obtaining no evi- 
dence of a deleterious effect of heat. In these tests the casein was 
heated for 36 to 72 hours at 110° to 130° C. As high-protein diets 
were used in both investigations, a possible slight inferiority of the 
heated casein may well have been masked. The more rapid resump- 
tion of growth in rats following depletion of vitamin A when unheated 
casein was used than when casein heated at 105° C. for 7 days was 
used, noted by Coward, Key, Moigan, and Cambden (S), may well 
have been a result of heat upon the casein itself rather than upon any 
vitamin A originally present in it. Moigan (1£) obtained consistently 
lower biological values for toasted (150° for 30 minutes) than for raw 
casein, and in later work with Greaves (6) an attempt was made to 
trace the heat (140° for 30 minutes) deterioration to the destruction 
of certain of the amino acid components of casein; i. e., lysine, 
histidine, tyrosine, cystine, and tryptophane. From growth experi- 
ments they concluded that the nutritive value of both heated and 
unheated casein was improved by a supplement of cystine and that 
that of the heated casein (but not of the unheated casein) was im- 
proved by supplements of either lysine or of histidine; in nitrogen- 
balance experiments they found that the biological value of unheated 
as well as of heated casein was increased by a cystine supplement, 
while that of the heated casein was improved also by a supplement of 
lysine. Such results, indicating a supplementation of proteins 
simultaneouriy by more than one amino acid indispensable to life, are 
contrary to prevailing conceptions of the relation between the com- 
position of proteins and their value in promoting protein synthesis in 
animals. Block, Jones, and Gersdom (i) found that the lysine 
yielded by the acid hydrolysis of casein was not lowered by previous 
treatment of the casern with dilute sodium hydroxide or by dry heat 
(150° for 65 minutes). 

The above-cited experiments on heated versus unheated casein are 
of no definite value in predicting the effect on the nutritive value of 
mil k solids of dehydrating by we prevailing commercial processes, 
mainly because the time of expc^ure to heat is so much shorter in the 
latter case. Thus, in the roller process, the milk film is in contact with 
the drying roll for only about 4 seconds, and for only a fraction of this 
time is it exposed to the maximum roller temperature, estimated at 

* Beferem is made b^^umber (italic) to I/tterature Cited, p. 1120. 
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134® C? In the spray process the raw milk is preheated at 60° to 
63°, concentrated in a vacuum pan, and sprayed into a current of air 
at temperatures ranging from 03° to 149°. 

OBJECT, MATERIALS, AND METHODS 

The object of the experiment was to compare the digestibilities and 
the biolomcal values of the proteins of a series of skim-milk powders 
prepared Dy different methods and processes with each other and with 
those of a sample of raw skim milk which had not been subjected to 
any heat treatment whatever. Albino rats were used as subjects, 
^mewhat incidentally, the net-energy values of the two roller-process 
powders subjected to the severest and the mildest heat treatnient were 
compared. A study was also made of the amino acids limiting the 
nutritive values of the proteins of the roller-proceM powders, for the 
purpose of determining the location of the heat injury. 

Six samples of dry skim-milk powders were prepared in the Dairy- 
men’s League plant at Massena, N. Y., from the same supply of milk. 
Four of the samples were made upon twin-cylinder atmospheric rolls 
and the remaining two were prepared by the continuous spray process. 
These six samples were compared to raw limiid skim milk. 

Raw liquid skim milk. — This sample was obtained from the Division 
of Dairy Manufactures of the University of Illinois and was drawn 
before any heat was applied. While this sample of skim milk was not 
taken from the liquid skim milk from which the powders were pre- 
pared, the discrepancy is not serious, as the proteins of skim milk are 
comparatively constant in amount and proportions. 

Low-temperature powder, roller process (r. p.). — The steam gage at 
the rolls registered 50-pound pressure, and the film of milk delivered 
to the roll was thinner than in common practice. This powder was 
exposed to a temperature less than that commonly employed in 
commercial drying. 

Choice commercial powder, roller process (r. p.). — Ordinary com- 
mercial plant procedures were employed, including 87 pounds of 
steam pressure and a milk film of ordlnaiy thickness. This sample 
was a high-quality product, and would receive the highest grade 
adopted by the standards committee of the American Dry Milk 
Institute. 

Slightly scorched powder, roller process (r. p.). — ^The steam pressure 
was increased to 90 pounds and a thin film of milk was delivered to 
the rolls. This sample was representative of the scorched milk powder 
frequently encountered in the trade. 

Scorched powder, roller process (r. p.).- — The knives were lifted inter- 
mittently from the rolls, so that the milk solids made more than one 
revolution of the rolls. The product was representative of the ex- 
treme scorching occasionally found in market samples. 

Not preheatm powder, sway process (s. p.). — The usual preheating 
process was omitted. Such a powder is not frequently encountered in 
the trade. 

Preheated powder, spray process («. p.). — ^The usual preheating 
process which is considered necessary for the preparation of a high 
quality good-baking spray-process powder was included. 


s No estimate of the maximum temperatuve to which the milk 01m is ex] 
high degree of accuracy nor be generally applicable under all conditions. 
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All samples were shipped to Urbana in tin containers with tight- 
fitting lids, except the choice commercial powder, which was shipped 
in a well-made barrel lined with paper. On arrival the latter sample 
was transferred to 50-pound lard pails. All samples were stored in a 
diw place. 

For purposes of precise description, the chemical composition, solu- 
bility, and color analysis of me skim-milk powders are given in 
table 1. 


Table 1. — Chemical composition^ solubility , and color analysis of the experimental 

dry shim^mitk powders 


Sample of powder 

Chemical composition 

Solubility 

Color analysis 

Dry 

sub- 

stance 

Nitro- 

gen 

Crude 

protein 

(NX6.25) 

Fat 

Cross 

energy 

per 

gram 

Dry 
sub- 
stance 
in solu- 
tion 

Nitro- 
gen in 
solu- 
tion 

Bright- 

ness 

Domi- 

nant 

wave 

length 

Puri- 

ty 


Per- 

Per- 


Per- 



Per- 





cent 

cent 

Percent 

cent 

Calorien 

Percent 

cent 

Percent 

m M 


Low'temperatare, r, p- 

96.12 

6.41 

33. 81 

0.91 

4.06 

71 3 

34.6 

84. S 

600 

1 

Choice commercial, r. p. 

98.06 

6.50 

34.38 

.99 

4.02 

67.7 

32.4 

84.6 

560 

23 

Slightly scorched, r. p. 

99.87 

6.41 

33.81 

1.07 

4.02 

62.4 

27.9 

77. 1 

580 

17 

Scorched, r. p 

98.90 

6.65 

34. 69 

.90 

4.25 

64.6 

24.9 

62.0 

687 

18 

Not preheated, s. p 

98.32 

5.40 

33. 75 

.69 

4 13 

95.1 

92.3 

95 5 

590 

1 

Preheated, s. p 

98. 40 

5.50 

34.38 1 

.62 

4 12 

92.6 

91.6 

94.5 

580 

4 


The method for determining solubility was adapted from the method 
of Wright (17). Twenty grams of skim-milk powder were trans- 
ferred to a beaker, to which was added 200 cc of nitrogen-free water 
at 20° C. The beaker was placed in a water bath of 20°, and the 
contents stirred mechanically for exactly 30 minutes. Fifty cubic 
centimeters of the mixture were transferred to each of two centrifuge 
tubes and whirled at 1,850 revolutions per minute for exactly !.'» 
minutes. Tlu-ee 10-cc samples of the supernatant fliud were removed 
from one centrifuge tube for moisture determination, wliile from tlie 
second centrifuge tube three 10-cc samples were taken for the deter- 
mination of nitrogen. 

iThe colors were analyzed with a Keuffel and Esser color analyzer 
or spectrophotometer. For these analyses the samples were ground 
in a mortar until all material passed through a 100-mesh sieve. The 
three characteristics of color — brightness, dominant wave length, and 
purity — are expressed numerically. As most of these powders were 
white or very nearly so, it is believed that the %ures for brightness 
are the most significant. 

The data of table 1 show that, with a single exception for solids 
and none for nitrogen, the solubility of the roller-process powders 
decreased <as the severity of the heat treatment increased . The spray- 
process powders were much more soluble than the roller-process 
powders, 'and of the two former the "preheated was the less soluble. 
Also the spray-process powders^ossessed a greater brightness rating 
than the roUer-processjpowders, hvhile Jamongl'the latter, brightness 
decreased as the intenrity of heat processing mcreased. 

Xn imany of the experiments^tthe paired-feeding method (9) was used, 
while for the determination of the hiolomcal values‘'"pf brotein the 
nitrogen-balance method developed in this laboratory (7, (/0)Jwas 
followed. 
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EXPERIMENTAL RESULTS 

THE DIGESTIBIUTY OP ENERGY 

The apparent digestibility of energy was determined upon two of 
the roller-process powders, the Ipw-temperature powder and the 
scorched powder, representing the' two extremes of heat treatment.’ 
Tins determination was made upon eight pairs of rats which were 
being used in a feeding experiment designed to compare the net- 
energy values of these powders. The results of the net-energy test 
are presented below. The rations compared contained about 63 per- 
cent of the respective powders. The collection periods were of 7 
days duration and a feces marker was used. 

The average coefficients of apparent digestibility of the energy of 
these two diets were 90..5 for the low-temperattire powder and 89.2 
for the scorched powder. In all pairs a higher coefficient was obtained 
with the low- temperature powder. Such a consistent result would be 
produced by chance only once in 128 trials, so that its significance is 
established without further statistical analysis. It may be concluded 
that the extreme heat employed in preparing the scorched powder 
depressed the digestibility of its energy in the animal body. Al- 
though the average depression for the ration as a whole was 1.375 
percent, that of the powder itself, making up only 62.3 percent of the 
ration, must have been 1.375-5-0.623=2.21 percent. 

THE DIGESSTIBILITY OP PROTEIN 

The digestibility of the protein in raw liquid skim milk and in the 
various skim-milk powders was determined from the nitrogen metab- 
olism data secured for the purpose of computing the biological values 
of these protein mixtures. In these metabolism trials the various 
samples were compared in turn with the low-temperature (r. p.) 
powder, the same rats being used in each compa,ri80n in groups of 5, 
8, or 10. The average coefficients of true digestibility (includmg due 
allowance for the metabolic prqfiucts in the feces) are given in table 2. 


Table 2. — Average coefficients of true digestibility of protein for the various experi- 

mental skim-milk samples 


Rats (number) 

Raw 

liquid 

skim 

milk 

Roller-process powders 

Spray-process 

powders 

Low tem- 
perature 

Choice 

commer- 

cial 

Slightly 

scorched 

S(K>rched 

Not pre- 
heated 

Preheated 

8 

94.8 

92.7 

90.6 

*91.7 

*92.1 





95.3 

5 

93.4 



oo 

5 


88.8 



5 



81.4 






1 



1 Average of 10 determinations, 2 on each rat. 


If digestion coefficients obtained for any two samples on the same 
rat are considered as paired observations, then Student's {15) method 
for the statistical analysis of small groups of such data may bo applied. 
Such an analysis of the individual data shows that the proteins of 
liquid skim milk are significantly more digestible than the proteins of 


27062—86 6 
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the low temperature (r..p.) powder, and that the latter proteins are sig- 
nificantly better digest^ than those of the slightly scorched (r. p.) 
and scorched (r. p.) powders. All other differences are statistically 
insignificant. 

lliese results are only in partid agreement with those of Nevens 
and Shaw (IS), who were able to demonstrate a significantly greater 
apparent digestibility of the proteins of fresh whole milk than of the 
proteins of whole-milk powder prepared by either the spray process 
or the roller process. In these studies the sole diet of the experimental 
rats consisted of the milk products under test, while in the investiga- 
tions reported in this article the experimental diets contained less 
than 25 percent of milk solids. The former dietaries would be more 
favorable to the detection of differences in the digestibility of milk 
products than would the latter. 

THE NET-ENEROY VALUE 

The two skim-milk powders representing the two extremes in heat 
treatment; i. e., the low-temperature and the scorched roller-process 
powders, were compared with reference to their availability as sources 
of energy in animal nutrition. They were incorporated mto rations 
contaimng other sources of protein, minerals, and vitamins in pre- 
sumably adequate amounts, so that the milk solids need supply only 
energy-yielding nutrients. The composition of the rations is given 
in table 3. The water was added to diet 2 in order to equalize the 
moisture content of the two powders (table 1). 


Table 3. — Composition of the diets used in the comparison of the net-energy values 
of low-temperature (r, p,) ekim-milk powder and scorched (r. p.) powder 


Constituent 



Constituent 


Diet 2 

Low-temperature (r. p.) powder. 
Scorched (r. p.) powder. 


Percent 

62.34 

25.00 

4.50 

Dried yeast K 

God-liver oil..................... 

Percent 

5.00 

ZOO 

Percent 
5.00 
ZOO 
1. 16 

Oaaein 

25.00 

4.50 

Wnt^r 

Modified Osborne and Mendel 
salts* 




* See Wesson (16), > Obtained from the Northwestern Yeast Co. 


The rations were compared ydth respect to growth-promoting 
power by means of the paired feeding method, using eight pairs of rats. 
The growth results are assembled in table 4. 

Table 4. — Comparison of^the net-energy value of low-temperature powder (r. p.), 
diet ly and scorched povSder (r. p.), diet 2y as determined by the pair ed-f ceding 
method during a feeding period oj 56 days 


Pair no. and powder 
used in diet 


Pair 1, males: 
Low-temperature 

powder 

Scorched powder.. 

Pair 2p males: 
liow-temperature 

powder 

Scorched powder.. 

Pair 8, itoiales: 
Low-temperature 

powder 

Scorched powder.. 

Pair 4, f^ales: 
Low-temperature 

powder, 

Scorched powder.,. 


Total 

food 

Initial 

weight 

Final 

weight 

Gain 

Pair no. and powder 
used in diet 

Total 

food 

Initial 

weight 

Final 

weight 

Gain 

Qrams 

Oramt 

Oramt 

Oramt 

Pair 5, males: 
Low-temperature 

Oramt 

Oramt 

Oramt 

Oramt 

527 

49 

155 

106 

powder... 

446 

40 

131 

91 

527 

51 

145 

04 

Scorched powder.. 

446 


113 

73 

557 

50 

160 

110 


469 

46 

122 

76 

557 

47 

157 

110 

Al H j i\ vJvl ^1 iJJ 

469 

46 

126 

80 

527 

48 

134 

86 


423 

46 

109 

63 

527 

50 

144 

94 

Scorched powder.. 

1 423 

53 


56 

479 

41 

124 

83 

Pair R» males: 
Low*temperature 
powder... 

499 

52 

143 

91 

479 

40 

123 

83 


499 

51 

151 

100 
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After the feeding poiod was well under way, it appeared that both 
diets were deficient in vitamin B. In order to maintain appetite, each 
rat was given dailj by mouth from 3 to 6 drops of tikitiki extract, pair 
mates being treated exactly alike. 

The gains in weight of pair mates reveal no superiority of diet 1 over 
diet 2. In 3 pairs the rat on diet 1 gained the faster, in 3 pairs the* 
reverse was true, wMe in 2 paira the gains were equal. 

Since it was possible that a difference in net-ener^ value between 
diets 1 and 2 produced a difference in the energy balance rather than 
in the rate of gain of the rats, the carcasses of four pairs, nos. 1, 3, 5, 
and 8, were analyzed for gross-energy content, using the Parr osygen 
bomb calorimeter. Their contents of nitrogen were also determined. 
The results are summarized in table 5. 


Table 5. — Nitrogen and energy contents of the carcasses of 4 pairs of rats reared on 

diets 1 and S ^ 


Pair no. 

Dry skim-milk powder in diet 

Empty 

body 

weight 



Energy content 

XNiiirogen cumeut 

Per gram 

Total 


(Low temperature 

Qrams 

150 

Percent 

2 88 

Orame 

4.29 

Calories 

1.32 

Calories 

198 


1 Scorched- 

139 

2.77 

3.85 

1.32 

183 

'1 

I Low temperature 

129 

2 94 

3.79 

1.32 

170 

O. ........ 

1 Scorched 

138 

2 44 

3. 37 

1.32 

182 

K 

/Low temperature 

127 

2.79 

3 54 

1.33 

169 

0. ...... ... 

iScorched 

108 

2.86 

3.09 

1. 32 

143 

8 

/Low temperature 

138 

3.04 

4.20 

1. 31 

181 

\ Scorched 

145 

2 96 

4.29 

1.31 

190 


1 Diet 1 contained the low temperature and diet 2 the scorched powder. 


The energy content per gram of empty carcass was remarkably 
constant for all rats examined, and the total energy content of pair 
mates showed no consistent differences induced by the two diets. 
In 2 pairs the rat subsisting on diet 1 stored the greater amount of 
energy in its body, while in the remaining 2 pairs the reverse was 
true. 

The nitrogen content of the carcass of the rat receiving tlie low- 
temperature powder (diet 1 ) was higher, both on the percentage and 
the absolute basis, in 2 of the 4 pairs than that of the rat receiving the 
scorched powder, but these differences are not sufficiently lar^e or 
consistent or numerous to indicate with any great degree of certainty, 
according to statistical analysis, that they were the result of the 
difference in diet consumed rather than the result of chance. 

The digestibility coefficients above discussed indicate clearly that 
the energy of the scorched skim-milk powder was somewhat less 
digestible than that of the low-temperature powder. The failure 
to demonstrate a difference in the net-energy values of the two 

S owders by the growth experiment may be the result of (1) a greater 
egree of activity of the rats on the diet containing the low-tem- 
perature powder, (2) a greater specific dynamic effect of this diet or 
(3) a biological error in the growth experiment suflSicient to obscure 
the effect of the greater digestibility of the low-temperature powder. 

In aU probabuity any difference in net-energy value betwe^ the 
low-temperature skim-milk powder and the scorched powder is incon- 
siderable. It may be concluded further that powders subjected to 
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heat insutficient in intensit^r to produce more than a hardy perceptible 
scorching are for all practical purposes equally valuable as sources 
of energy in the animal body. 

BIOLOGICAL VALUE OP THE FBOTEINS 

The general plan of experimental procedure in determining the 
biological value of the proteins was that developed by Mitchell 
(7, 10), except that in these metabolism studies feces markers * were 
-'employed. The compositions of the various diets are presented in 
table 6. In order to improve the consumption of the experimental 
diets, Harris yeast vitamin powder was fed. This vitamin concen- 
trate was fed in some instances as part of the diet, in others as part 
of the diet supplemented by additional amounts weighed into indi- 
vidual feed dishes, and later by feeding all of it as an addition to the 
mixed diet, which accounts for the presence of more than 1 percentage 
of this constituent in a given diet. As the amount of vitamin powder 
was changed in the diet, a corresponding and equal change was made 
in the amount of starch. 

Table 6 . — Composition of the diets used in studying the relative biological values 
of the proteins of raw liquid skim milk and the various dry skim-milk powders 


Constituents 

Stand- 

ardiz- 

ing 

diet 

Raw 

liquid 

skim 

milk 

Low- 
tem- 
pera- 
turo 
powder 
(r. p.) 

Choice 

com- 

mercial 

powder 

(r. p.) 

Slightly 
scorched 
powder 
(r. p.) 

Scorched 
powder 
(r. p.) 

Not 
pre- 
heated 
powder 
(8. p.) 

Pre- 
heated 
powder 
(s. p.) 

Dried fat-free whole egg.. ... 

PerceTit 
( 6.47 

1 or 

1 6.35 

Percent 
\ 

Percent 

Percent 

Percent 

1 

Percent 

Percent 

Percent 

Raw liquid skim milk 

I 

< 22. SS 





, — . — 


Low-temperature powder (r. p.) 
Choice commercial powder (r. p ). 
Slightly snornhftd powder (r. p.)— 


23.66 








23.27 

2^66 

' 23.06 

23.70 

' — ' 




Scorched powder (r. p,).-'— 

Not preheated powder (s. p.) 

- - - - 





PrnheatAd powviAr (s. p.) _ 







23. 27 
4.6 

8 0 
2.0 
10.0 
1.0 

Modified O^rne-Mendel salts.. 

Filtered butterfat 

Cod-liver oil 

4 5 
8.0 
2.0 

10 0 
1,0 

I 

1 or 

1 .0 

( 60.63 

1 or 

1 67. 15 

2 0 

4.6 

8.0 

2.0 

10.0 

1.0 

1 

! 4.6 

8.0 
2.0 
10.0 
1.0 
.3 
or 
.5 
or 
.0 
48.64 
or 

48.34 

or 

. 48.84 
2.0 

8.0 

2.0 

10.0 

1.0 

’ .5 

• 48.73 

^ 2.0 

4.5 

8.0 

2.0 

10.0 

J.O 

.6 

48. 34 

2.0 

4.6 

8.0 

2.0 

10.0 

1.0 

.5 

48.94 

2.0 

4.6 

8.0 

2.0 

10.0 

1.0 

Sucrose... - 

NaCl 

Harris yeast vitamin powder 

Starch 

Pigment 

f 

1 49.96 
2.0 

48.80 

2.0 

49.20 

2.0 



i Dry substance. 

The calculations of the biological values of the proteins of the 
various milk samples was made from the nitrogen metabolism data 
according to the usual procedure foDowed in this laboratoiy (10); 
hence it seems unnecessary to give them in detail here. The biological 


tbe aoes red. On ths nma£SniE days of the experimental period, In most cases of 7 days’ duration, an 
equal peroen^e of barium sulphate was Includea in the diet. This produced a progressively lighter color 
in the feces. On the first day following an experimental period, or the first day of a transition period, 
which was always 4 days in length, the diet contained 2 percent of chromic oxide to mark the feces green. 
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value is the percental of the absorbed nitroeen that is retained for 
both maintenwce and growth under the standard conditions adopted 
for the determination. The estimate of the absorbed nitrogen makes 
due allowance for the metabolic nitrogen excreted in the feces, the 
ratio between metabolic fecal nitrogen and dry-matter intake beiiw. 
measured in the standardizing penods. The estimate of the totu 
storage of nitrogen in the body makes due allowance for the endo- 
genous nitrogen excreted in the urine, the ratio between endogenous 
nitrogen and body weight being also determined in the standardizing 
periods. 

The various milk samples were compared in turn with respect to 
the biological value of their protein componmts with the low-tem- 
perature (r. p.) powder, groups of 5, 8, or 10 rats being used in each 
comparisoii. The average bidogical values for each group of rats and 
for each milk sample are assembled in table 7. 

Table 7. — Average biological values of protein for the various experimental skim^ 

milk samples 


Rats (nuinl)er) 

Raw 

liquid 

skim 

milk 

Roller-process i>owders 

Spray-process 

powders 

IX)W 

temiwr- 

ature 

89.1 

89.6 

189.3 

187.9 

Choice 

commer- 

cial 

Slightly 

scorched 

Scorched 

Not pre- 
heated 

Preheated 

8 

89.8 




82.3 

6 

81.6 



87.2 

88.6 

6 - 


68.0 



5 




69.8 




i 






‘ Average of 10 determinations, 2 on each rat. 


The average biological value of 89.8 for the proteins of liquid skim 
milk inay be compared witli the average of 95 obtained by Shiftan 
(14) witb two pigs fed a ration containing about 12 percent of protein. 
The average of 82.3 for preheated skim-milk powder (s. p.) is very 
close to the value of 85 ontained in this laboratory in two investiga- 
tions (8, 10) with milk powders of tliis description, and also with the 
value of 86 reported by Boas Fixsen and Jackson {2), relating to a 
whole-milk powder manufactured by the loUer process. 

The biological values (single or average) ontained for different 
samples on the same rats have been considered as paired observations, 
and the differences between them have been subjected to statistical 
analysis according to the method of Student {,16). The statistical 
results are summarized in table 8. From these analyses it may be 
concluded that the nutritive value of the digestible proteins of fresh 
skim milk is not depressed by drying by the roller process at the 
lowest feasible temperature, nor by drjdng by the spray process pro- 
vided the preheating is dispensed with. However, if drying is ac- 
complished by the prevailing commercial processes, yielding products 
represented by the choice commercial (r. p.) sample and the preheated 
(s. p.) sample, a definite lowering of nutritive value occurs, equal to 
about 8 perc^t. If dmng by the roller process is so poorly controll^ 
that even slight scorcning occurs, then a much greater decrease in 
nutritive value is effected, amounting to more than 20 percent. 
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TABta 8. — Anciyna according to Sludent’a method of the differencee in biolo^ed 
vttlttei between the proteine of dry ekim-milk powdere and of liquid akim mM% 


Statistical item 

Baw 
liquid 
skim 
milk a. 
low-tem- 
perature 
powder 
(r.p.) 

Low-tem- 
perature 
powder 
(r. p.) p, 
not pre- 
heated 
powder 
(s. p.) 

Raw 

liquid 

skim 

milks. 

preheated 

powder 

(s.p.) 

liOw-tem- 
perature 
powder 
(r. p.) s. 
preheated 1 
powder 
(s.p.) 

Low-tem- 
perature 
powder 
&. pi ». 
chmoe 
Qommer- 
oial 

powder 
(r.p.) j 

Low-tem- 

perature 

powder 

scorched 
powder 
(r. p.) 

Low-tem- 

perature 

powder 

scorched 

powder 

(r.p.) 

Mean of diftorenoes, M. 

0.625 

1.7 

7.5 

0.875 

7.8 

21.6 

18.2 

Standard deviation of dliT6r< 

enoes . » 

PiobablUty, P. 

4.22 

4.24 

3.54 

8. 14 

1.6 

2.32 

3.25 

.35 

.13 

.0004 

.0003 

<.0019 

<.0019 

.0019 


TOTAL EFFECT OF DRYING UPON THE NUTRITIVE VALUE OP SKIM-MILK PROTEINS 

The relative protein values of the various mUk samples tested, 
which take account of differences in digestibility of protein as well as 
differences in biological value, have been computed and the results 
are presented in table 9. These values, listed in the last colunm 
of the table, are expressed in percentages, the value of raw liquid 
skim milk being taken as 100. From these values it appears that 
skim milk may be dried with a loss in protein value of only 5 percent 
or less, but that by the ordina^ processes of commercial drying losses 
of 9 to 11 percent occur, and if tnere is perceptible scorching through 
careless management the loss may be 30 percent. 


Table 9. — Rdative protein valuea of the different milk aamplea tested > 


Sample 

Aver- 
age 
true 
digesti- 
bility 
of pro- 
tein 

Aver- 

age 

bw- 

logical 

value 

Rela- 

tive 

protein 

value 

Sample 

Aver- 
age 
true 
digesti- 
bility 
of pro- 
tein 

Aver- 

age 

bio- 

logical 

value 

Rela- 

tive 

protein 

value 

1 


Percent 

Percent 


Percent 

Percent 

Percent 

Raw liquid skim milk...] 


90 


Spray-process powders: 








Not preheated 

92 

88 

95 

HHE#*' V tflr J • S 

91 

89 

95 

Preheated 

95 

82 

91 

f J'.wiM « «V< 

93 

82 

89 






89 

68 

71 





Scorched... 

81 

70 

66 



■ 



* Expressed as percentages with the relative protein value for raw liquid skim milk taken as 100. 


Thus, the data obtained demonstrate a point of tremendous i>rac* 
tical importance, namely, that the proteins of milk are very sensitiye 
to heat with respect to their value m nutrition, and that considerable 
losses in protein efi&ciency may be incurred unless the time of e^osure 
to heat and the intensity of the heat are carefully controlled. In this 
respect the requirements for the highest engineering efficiency may 
conffict with the requirements for the highest quality of product, and 
the dry-milk industry must dedde which requirements are paramount. 

SEAT OF INJURY TO THE PROTEINS OF MILK PRODUCED BY DRYINQ IN TERMS OF 
THE CONSTITUENT AMINO ACIDS 

Having established the existence of definite deterioration of skim- 
milk proteins during commercial drying processes, as wdl as the 
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extent of such deterioration, the next step in the investigation was to 
discover, if possible, which of the constituent amino adds was involved 
in the successive decreases in nutritive value as the severity of the 
(hyii^ process was intensified. Such information would be afforded 
by a study of the amino adds limiting the nutritive values of the 
various samples of skim-milk irawders. 

In this study the paired-feeding method was used to compare the 
growth-promoting powers of rations containing the various milk 
powders as the sme source of protein and the same rations with small 
supplements (0.3 pwcent) of selected amino acids. The rations all 
contained enough of the milk powders (23 to 27 percent) to suraly 
approximately 9 percent of protein, 4.5 or 5.0 percent of the Wes- 
son {16) modification of the Osborne and Mendel salt mixture, 1 per- 
cent of NaCl, 10 or 12 percent of sucrose, 2 percent of cod-liver oil, 
8 percent of butterfat, 10 or 12 percent of lard, and enough starch to 
make 100 percent. Vitamins B and G were supplied extra as Harris 
yeast vitamin powder. 

The deficiency of the low-temperature (r. p.) powder in cystine was 
readUy demonstrated in a 14-day feeding test with eight pairs of rats. 
In this short period the rat iu each pair given the cystine supplement 
gained more in weight than its pair mate on the unsupplemented diet 
on the same amount of food and attained a greater body length. 
The average excess gain by the test rats was 7.37 g, the standard 
deviation of excess gains was 2.75 g, and the prob^ility that for- 
tuitous factors would have produced so consistent an outcome is 
only 0.0001, according to Student’s {15) probability tables. The 
average difference in body length was 5.50 mm, the standard deviation 
of differences 3.94 mm, and the probability of a chance outcome 
only 0.0038. 

That preheated skim-milk (s. p.) powder is also deficient in cystine 
had been previously demonstrated by Mitchell and Beadles {9), the 
skim-milk powder used being of this description. 

The evidence thus far adduced indicates that the initial drop of 
about 9 to 11 percent in the nutritive value of skim-milk proteins 
during drying by prevailing commercial methods must be the result 
of a destruction of cystine, since cystine is still the amino acid limiting 
the biological value of commercial skim-milk powders. However, 
the growth-promoting value of the slightly scorched (r. p.) powder 
was not improved by a cystine supplement. Eight pairs of rats were 
used in this test, and at the end of 2 weeks the gams of pair mates 
were veiy nearly the same, being exactly equal in 2 pairs, only 1 g apart 
in 4 pairs, 2 g apart in 1 pair, and 5 g apart in the remaumg pair. 
The rats receiving cystine supplements gained more than their control 
mates on the same amount of food in only 2 pairs. At this point in 
the feeding experiment the control rats, previously consum^ the 
unsupplementM diet, were given a supplement oi lysine di^ydro- 
chlonae equal to 0.3 percent of the basal diet. The other rats in each 
pair continued on the basal diet plus cystine. 

Three weeks after this change in plan was put into effect, jthe rats 
receiv^ the lysine supplement had exceeded m gain their pair mates 
receiving the cystine supplement in all of the 8 pairs and had also 
attained to greater body lengths in all pairs. The average difference 
in gain between pair inates was 6.37 g, the standard deviation of 
differences 2.19 g, and the probability that a purely random com- 
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bination of factors common to both pair mates would produce as 
consistent an outcome as this is negli^ble, amounting to less than 
0.0001. The average difference in body l^^th (from nose to root of 
tail) is 5.25 mm, the standard deviation of Terences, 3.23 mm, and 
the desired probability only 0.0018, again entirely negligible. Body 
length measurements, somewhat more surely than body weight 
measurements, are reliable criteria of growth, and in tliis case demon- 
strate beyond question that a lysine supplement to the proteins con- 
tained in the slightly scorched skim-imik powder increased their 
growth-promoting value. The complete data of this test will be 
found in table 10. 

Table 10. — Effects of supplements of cystine alone for 2 weeks and of cystine and 
lysine for S weeks on the growth-promoting value of slightly scorched skim-milk 
powder (r. p.) 


Results of the first 2 weeks of feeding Results of the last 3 weeks of feeding 


Pair no. and diet or 
supplement 

Total 

food 

Initial 

weight 

Final 

weight 

Gain 

Pair 1, females: 

ff 

0 

ff 

9 

Basal only 

109 

63 

87 

24 

Cystine 

109 

58 

82 

24 

Pair 2» females: 





Basal only 

97 

56 

74 

18 

Cystine 

97 

56 

73 

17 

Fair 3, females: 





Basal only 

77 

48 

62 

14 

Cystine 

77 

48 

61 

13 

Fair 4, females: 





Basal only 

85 

46 

62 

16 

Cystine 

85 

47 

64 

17 

Pair 5, females: 





Basal only 

103 

51 

74 

23 

Cystine 

103 

49 

67 

18 

Fair 6, females: 





Basal only 

102 

53 

70 ! 

17 

Cystine 

102 

54 

69 

15 

Pair 7, females: 





Basal only 

108 

53 

75 

22 

Cystine 

108 

51 

73 

22 

Pair 8, females: 





Basal only... 1 

96 

47 

67 

20 

Cystine 

96 

I 48 

69 

21 


Pair no and supple- 
ment 


31 


3'S ’3'§ 

Si SI 


a 

a 

O 


Pair 1, females: 

Lysine 

Cystine 

Pair 2. females; 

Lysine, 

Cystine 

Pair 3, females: 

Lysine 

Cystine 

Pair 4. females; 

Lysine 

Cystine 

Pair 5, females: 

Lysine 

Cystine 

Pair 6, females: 

Lysine 

Cystine 

Pair 7, females: 

Lysine 

Cystine 

Pair 8, females: 

Lysine.. 

Cystine 


Q 

164 

164 

180 

178 

142 

144 

148 

148 

186 

186 

170 

170 

184 

184 

204 

204 


Q 

87 

82 

74 

73 

62 

61 

62 

64 

74 
67 

70 


0 

118 

106 

111 

108 

93 


114 

99 


m 

93 


112 

102 


116 

111 


24 

37 

35 


31 
27 

29 

22 

40 

32 

33 
24 

37 

29 

48 

42 



mm 

182 

173 

176 

169 

m 

160 


163 

159 


173 

167 


168 

166 


176 

165 


172 

171 


The sample of scorched skim-milk powder (r. p.), by similar paired- 
feeding tests, was found not to be improved in growth-pfOmoting 
properties by supplements of cvstine, histidine, or tryptophane. 
However, when supplemented by lysine, this sample, like the slightly 
scorched sample, ejiibited a clear improvement m its power to pro- 
mote growth. Only four pairs of rats were used in this test, Mith the 
results summarized in table 11. In each pair^ the rat receiving the 
lysine supplement gained the faster and attained the greater bodv 
length. In spite of the fact that only four pairs of rats were used, 
the results are quite highly significant. Thus, the average difference 
in gain between pair mates was 7.75 g, the standard deviation of 
differences 4.09 g, and the probability of a fortuitous outcome, only 
0.026. The average difference in body length was 5.75 mm, the 
standard deviation of differences 2.86 mm, and the desired prob- 
ability only 0.020. 
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Table 11. — Effed, of a lysine supplement on the growth-promoting value of the 
proteins of scorched skim-milk powder (r. p.) 


Pair no. and diet or supplement 


Pair 1, females: 
Basal only... 

Lysine 

Pair 2» females: 
Basal only... 

Lysine 

Pair 3, females: 
Basal only... 

Lysine 

Pair 4, females: 
Basal only.... 
Lysine 


Total 

food 

Initial 

weight 

Final 

weight 

Gain 

Body 

length 

Oram 

Oram 

Oram 

Orami 

Mimm- 

Urt 

310 

59 

80 

30 

161 

307 

57 

88 

31 

163 

350 

61 

04 

33 

163 

350 

61 

105 

44 

172 

278 

40 

72 

23 

153 

278 

40 

80 

31 i 

157 

285 

55 

72 

17 

154 

285 

55 

83 

1 

28 

102 


From this series of paired-feeding experiments it appears that 
initial stages of the destniction of milk proteins by heat, occurring 
during the drying according to prevailing commercial processes, 
involves, and is the direct result of, a destruction of cystine, but that 
the later stages, from the initiation of perceptible scorching to the 
production of a thoroughly scorched product, involve a more i^id 
destruction of lysine than of cystine. This is a finding of consider- 
able practical importance, since the value of milk protems in supple- 
menting the proteins of the cereal grains is the result of the deficiency 
of the latter in lysine and of the presence in the fomer of abimdant 
proportions of tlus amino acid. Hence j scorched skim-milk powders, 
merchandisable only for animal feeding, would not possess this 
supplementing capacity. 

CONCLUSIONS 

The proteins of milk are very sensitive to the intensities and dura- 
tions of heat treatment employed in commercial drying. However, 
it is possible to d^ skim milk with commercial ec^uipment without 
appreciably affecting its energy value or the nutritive value of its 
proteins. In the preparation of choice commercial roller-process 
powders, or of preheated spray-process powders, the biological value 
of the protein is lowered about 8 percent (from 90 to 82), although its 
digestibility is not appreciably affected. If preheating is omitted in 
the spray-drying process this reduction in nutritive value of the milk 
proteins does not occur. Since cystine is the amino acid limiting 
the biological value of the proteins of choice commercial roller-process 
powder and preheated spray-process powder, as well as of the original 
milk, it may be concluded that this initial decline in biological value 
of milk proteins is due to a partial destruction of cystine. 

As the temperature of drying in the roller process is increased until 
per^ptible scorching occurs the biological value of the milk proteins is 
rapidly lowered from 82 to 70 or less. The scorched products thus 
obtained are no longer benefited by cystine additions, but they do 
respond to lysine additions in increa^ nutritive value of their 
proteins. Hence the rapid change in milk proteins at the scorclmg 
point (or earlier) is primarily a result of the destruction of lysine. 
Such products, therefore, are of no value as supplements to the pro- 
teins of cereal grains. The digestibility of the milk proteins is also 
lowered at the scorching point m tiie roller-drying process, the extent 
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of lowering increa^g more rapidly with the degree of scorching than 
the reduction in biological value. 

However, even with extreme scorching, the net-energy value ap- 
pears to be but slightly (if at all) affected. Apparently the protem 
msintegration occasioned by scorching conditions does not impair 
appreciably the value of the protein as a source of ener^ to the body. 

The solubility of the total solids and the nitrogen of dry skim-milk 
powders is greater for spray-process than for r^er-process powders 
and decreases in the latter witii the intensity of the during conditions. 
The spray-process powders gave a higher percentage of brightness 
than the roller-process powders when colors were an^zed, and 
in general brightness decreased as the heat increased. These solu- 
bility differences and color differences, however, are not reliable 
criteria of the changes occurring in the nutritive value of the proteins. 
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EVALUATION OP LENGTH MEASUREMENT IN AN 
EXPERIMENT WITH APPLE TREES ‘ 


By F. C. Bradford, research associate in horticulture, Michigan Agricultural Experi- 
ment Station, and Llotd £. Jodet, graduate student, Michigan Stale College 

INTRODUCTION 

Adequate measurement of experimentally induced differences in 
fruit trees is rarely attained. Yields obviously constitute the results 
of greatest ultimate interest, but unsupported yield records usually 
tell little about the precise mechanism by which the yields were 
secured and consequently have hmited value as indicators of the 
general applicability of the results. Wood-growth measurements 
may represent in some degree what the tree has done, but leaf surface 
may be a better indicator of what it is about to do. Quantitative 
measurements of any sort, whether of wood growth, spur number, 
or leaf surface, present incomplete pictures since they do not well 
represent distribution, and the experienced fruit grower or investigator 
may have some justification for nis belief that his eyes will tell him 
more about a tree than any amount of data will reveal. 

Quantitative measurements, nevertheless, are obviously necessary, 
and the realization of their imperfections should only stimulate study 
leading to their improvement. Though no one index figure may ever 
be attained that will express all the performance and potentif^ty 
of a tree, various standards may be used to represent it at various 
st^es, and each should be improved as far as possible. 

The best measure of accomplished vegetative growth is generally 
considered to be the weight of dry matter produced. Since complete 
determination of this manifestly terminates an experiment, some sort 
of measurements of size seems to be the best means of gaging growth 
that is possible in many cases. Trunk girth measurements are of 
undoubted value, particularly in trees not yet bearing, but have 
inherent limitations in the relatively great importance of small errors 
in measurements as well as difficulties of execution due to trunk 
excen tricity, sunscald, wounds, proximity of scaffold limbs, etc. 
Consequently length has been widely used. 

In actual appUcation, however, length measurement may present 
complications. On large trees enough analogous shoots may be chosen 
to yield a constant average, i. e., one that is not modified by duplicate 
sampling. Any comparison of trees made by this standard is predi- 
cated on the assumption, usually not established, that the number of 
comparable shoots is identical. For a short time after experimental 
differences, os for example bjr soil treatments, have been produced, 
this assumption is justifiable; in pruning experiments of any duration 
and after several years of soil treatments it is questionable. The 
possible fallaciousness of mean growth is illustrated by some measure- 
ments on young apple trees, where all growths of 10 cm, or over, in 
1934 were recorded. Two trees had identical means, 50.2 cm, but 
on one this was an average of 20 shoots, while, on the other, 29 shoots 


‘ Received (or publication July 10, 1935; Issued February 1930. Journal article no. 227 (n. s.) from the 
Michigan Agricultural Experiment Station. 
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contributed to the average: the respective total growths (for 1934) 
were 1,004 and 1,456 cm. This being true, its converse may be antic- 
ipated; the writers’ records show another pair of trees with total 
growths of 833 and $36 cm, respectively, representing the total lengths 
of 18 shoots in the former and of 40 in the latter, with consequent 
reactive averages of 46.3 and 20.9 cm. 

Total length is an unreliable measure of growth, if weight is a good 
measmre. Weights of 1-year shoots are not directly proportional to 
their lengths, where differences of much consequence exist. The mean 
^ fresh weights per linear centimeter in dormant 1-yoar shoots of Red 
Canada (Steele Red) (samples of 25 to 30 specimens each) varied 
with length, as follows: 25 cm, 0.09 g; 35 cm, 0.12 g; 45 cm, 0.14 g; 
55 cm, 0.17 g; 65 cm, 0.21 g. In the pair of trees just mentioned, 
having 833 and 836 cm, respectively, of total growth in 1934, the 
actual weight of new wood in the former was 34 percent greater than 
in the latter. In the pair of trees mentioned first, the one with 1,456 
cm total growth had not produced merely 45 percent more weight 
than the one with 1,004 cm — ^it had virtually doubled it. Even more 
surprisingly, simple total-length measurements can make the smaller 
appear to be the latter, as will be shown presently. 

Greater accuracy in application of length measurements might be 
expected from the use of a scale which made allowance for an increas- 
ing weight per unit of length as length increases. The applicability 
of any graduated scale of this sort obviously depends in considerable 
degree on the variability of the material. An account of the construc- 
tion of two graduated scales and their application to specimens of 
known weight and to trees imder experimental treatment follows. 

MATERIAL AND METHOD 

The material used was taken from Red Canada aptple trees in their 
second and tUrd seasons in the orchard of the Michigan Agricultural 
Experiment Station at East Lansmg. These trees ^e pruned only to 
secure proper spacing of scaffold limbs and receive little or no tipping 
back; consequently the prunings contain the full season’s growth of 
the shoots removed. While these trees still appeared completely 
dormant in March 1935, the^ regular pruning was done, and the 
prunings from each tree were tied m a bundle and tagged. The total 
weight and the weight of the 1934 wood were recorded in the labora- 
tory for each bunme, and each shoot was measured. All shoots of 
1934 growth were then assembled, sorted into length classes (10-cm 
intervals), the weight of each class was determined, and the com- 
ponent shoots were counted. The rateans thus secured constitute the 
scale here called graduated scale A. 

The values on this scale, when graphed, fitted rather well the 
equation — 

;p=3.i r 

where X equals the length in centimeters and F the weight in grams. 
Individual weights and lengths of 1,428 of these shoots showed a 
stra^ht-line correlation coefficient of 0.32 ±0.01 6. Computed from 
deviations from the values in the equation ^(*=3.1 F, the index of 
correlation ^ was 0.93, indicating the closer fit of the parabola. 
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Since the weight values assigned in scale A change abruptly and 
considerably (tc^le 1) another scale, called B, assigning values to 
each centimeter increase in length, was constructed by smoothing 
1,428 records of in^vidual weights and lengths. These, when tabu- 
lated for each centimeter of length, beginnmg with 21 cm, exhibited 
rather striking uniformity. For example, the probable error ai 
weights of shoots 25 cm long was 3.11 percent of the mean; for shoots 
35 cm long it was 2.38 percent; and for 65 cm, 1.89 percent. The 
values used in the scale were moving averages, smoothed slightly; 
for values below 21 cm scale A was used. 

To bring simple length measurements into a denomination com- 
parable with the graduated scales, the mean weight per centimeter of 
all shoots studied, 0.17022 g, was shortened to 0.17, and all lengths 
were multiplied by this factor; this constitutes the simple scale. 

After length and fresh weight had been determined, all wood was 
dried to constant weight in an oven at 100° C. The dry weights thus 
determined bore a uniform relationship to the fresh weights and 
showed nothing new. The studies here reported are, therefore, con- 
fined to fresh-weight figures. 

To try the accuracy of the three scales, weights of prunings from 
each tree were then calculated by each scale and compared with the 
actual weights previously recorded (table 2). 

Table 1. — Values used in computing weight of shoot from length by scales A and B 

and by simple weight 


Graduated scale A 

Graduated scale B 

Simple 

weight 

Length 

Weight 

Length 

Weight 

Centimeter 

Orame 

Centimeter 

Qrame 

Grams 

0-10 

0.4 




11-20 

1,3 


i.3 

3.4 

21-30 

2.3 

25 

2.2 

4.3 



30 

3.0 

5.1 

31-40 

4.2 

35 

4.2 

6.0 



40 

5.3 

6.8 

41-50 

6,6 

45 

6.3 

7.7 



50 

7.6 

8.5 

51-^ 

9.5 

55 

9.3 

9.4 



60 

11.1 

10.2 

61-70 

13.0 

65 

12.9 

11.1 



70 

15.1 

11.9 

71-80 

18.0 

75 

18.1 

12.8 



80 

21.1 

13.6 

81-90 

23.5 

86 

24.8 

14.5 



90 

28.3 

15.3 

91-100 

32.4 

95 

31.4 

16.2 



100 

34.6 

17.0 

100-110 

40.5 

105 

37.4 

17.9 



110 


18.7 


Individual records from four pairs of trees are shown in table 2 as 
illustrative of the varying significance of length measurements. The 
prunings representing trees A and B, judged by simple length measure- 
ments, were virtually identical; in actual weignt there was a diflference 
of nearly 46 percent. Between the prunings from trees C and D 
there was a length difference of 41 percent, wmle the weight difference 
was less than 1 percent. Tree E’s prunings were more than 14 per- 
cent greater in length, and 14 percent less in weight, than those of 
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tree F. Similarly the shoots removed from tree G were 14 peremt 
longer than those of tree H, but weighed 31 percent less. Had these 
shoots remained on the trees and been compared simply on the basis 
of shoot length, some veiy real difference would have been obscured. 
The graduated scales ^ave greater accuracy than length measure* 
ments in seven of the eight comparisoiu. 

In some cases the graduated scales give weight indications at con* 
siderable variance from the actual. In a large number of determina* 
tions, however, the results secured by these methods approximate 
the actuality rather well. In the 155 cases for which data are avail* 
able, scale A gave closer approximation than the simple scale m 69.7 
percent of the cases, and scale B was more accurate than the simple 
scale in 69.4 percent. Deviations as calculated from the actual 
weights by the graduated scales were about half those secured by 
the simple scale, as shown in table 3. 

Table 2. — Effect of length of shoot on weight of wood produced 


Data for treo— 


item 

A 

B 

C 

D 

E 

F 

O 

H 

Total growth 

.centimeter.. 

507 

503 

463 

328 

800 

698 

647 

.*>66 

Shoots of indicated length in cent!- 









meters: 










10-20 

number. 

5 


2 


9 


1 


21-30 

do 

2 


3 


1 


1 


31-40 

do.... 

7 

1 

7 

3 

4 


4 

1 1 

41-^50 

do 

3 

j 

2 

3 

5 

2 

5 


51-60 

do.... 


a 



2 

3 

a 

4 

61-70 

do 


4 


1 

i 

3 

1 

2 

71-80 

do 

1 




1 ' t 

1 


1 

81-90 

do 





1 

1 2 



91-100 

do.*.. 








1 











Total shoots 


17 

9 

14 

7 

23 

11 

15 

0 

Calculated weight by~ 










Scale A 

grams 

59.7 

91.7 

62.7 

45.4 

123.2 

146.7 

95.1 

118.6 

Scale B 

do.. . 

60.6 

S8.1 

53.8 

50.3 

130.4 

151.0 

95.0 

121. 5 

Simple..^ 

do ... 

86.2 

85.5 

78.7 

55.8 

136.0 

118.7 

110.0 

06.2 

Actual weight 

do — 

63.8 

93.0 

52.6 

52.0 

124.1 

144.6 

96.0 

130. 6 


Table 3. — Deviation from the actual of weights calculated from length measurement 
by use of graduated scales and of average weight 


Item 

Scale A 

Scale B 

Length (centi- 
metarslXO.l? 

Cases 1 

Mean 
deria- 1 
tion 1 

Cases 

Mean 

devia* 

tion 

Cases 

Mean 

devia- 

tiou 

Deviations. 

Above actual. 

Number 

72 

83 

Oram 

8.75 

5.75 

Number 

57 

96 

Orams 

4.23 

5.98 

Number 

103 

51 

Grams 
8.45 
15 82 

Below actual - 1 

Total - 

155 


1 153 


1 154 


Error.. percent.. 





4.8 

7.7 


5.3 

8.4 


10.8 

17.2 

Percentage error.. 









t No deviation in 2 cases and in 1 case, respectively. 
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For the entire group the several coefficients of variability of prun- 
ings, tree by tree, were: Length, 0.63; actual weight, 0.74; scale A, 
0.71; scale B, 0.74, 

Both graduated scales underestimate weight more frequently than 
they overestimate it, and the margin of error is greater in undeiv 
estimation than in overestimation. Comparison of the 9 cases df 
greatest overestimation by scale A with the 10 cases of greatest 
underestimation by this method shows that overestimation occurred 
predominantly in cases involving longer growths, underestimation in 
cases in which shorter growths were more numerous. In the cases 
of greatest overestimation the percentage of shoots measuring under 
31 cm was 12.8; in those of greatest underestimation it was 25.5; in 
overestimation the percentage of shoots over 70 cm was 20.2, while 
in underestimation it was 7.8. 

Whether the pruning, which was done solely to secure proper spac- 
ing of scaffold limbs, removed samples which were representative, and 
whether the differences found in prunings would be paralleled if all 
growths, pruned and unpruned, were considered, is answered affirma- 
tively by the data (table 4). The overturnings in relative standings 
here are similar to those shown in the prunings. 


Table 4. — Relative rankings of trees on bases of measured length and calculated 
weight of all 1934 growths over 9 cm in length 



Finally, the ^[uestion must be considered whether compensating 
error may not, in comparisons involving fair numbers of trees, offset 
the differences appearing in comparisons involvii^ a few trees. In 
some cases it plainly (foes offset these differences. For example, 
all trees (27), making 1934 growths between 600 and 699 cm and all 
(17) making growths between 800 and 899 cm were ciompared. In 
average length the latter ^up exceeded the former by SOtS percent; 
in the calcinated weight me (lifference was 31.6 percent in the same 
direction. Likewise, a lot of 24 trees on one interstock, in their second 
year in the orchard, exceeded a lot of 44 trees worked directly on 
seedlings by 30 percent in length growth and by 26.5 percent in weight; 
in neither (sase was the difference over tliree mnes the probable error 
of the difference. 

2T052— 86 6 
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On the other hand, rather important differences appear in another 
group, a year older, in which the magnitude of relationships indicated 
by the two standards shifts (table 5). There is no change of conse- 
quence in ranking, but the change in degree of difference is consider- 
able. Lot A’s superiority over lot D is increased, while lot B’s margin 
over lot of doubtful statistical significance on the basis of length 
measurements, is further reduced by reference to the weight basis. 

,Tablii 5. — Comparison of 19S4 growth of lots of Red Canada apple trees on bases of 
observed length and of etuevkded weight 


Trees 

Length 

Weight 

Percentage of lot D 

Mean 
per tree 

Probable 

error 

Mean 
per tree 

Probable 

error 

Length 

Weight 

Number 

19 

17 

37 

19 

16 

Centi^ 

metere 

L373 

1,032 

957 

855 

847 

Centi- 

meters 

105.5 

97.8 

56.0 
85.2 

85.0 

Oramt 

223 

140 

139 

181 

132 

Oram 

18.6 

16.4 
9.7 

14.4 
14.2 


169 

107 

106 

90 

101 


DISCUSSION 

The greater accuracy attained by interpreting growth in terms of 
we%ht seems to warrant its consideration in studies involving length 
measurements, at least in young trees. In some, perhaps m most, 
cases, little change will be made from results recorded as simple 
length measurements, but the other cases are likely, for this reason, 
to be important enough to repay examination of all. In mature trees 
it seems unlikely to be of great usefulness, since other standards, 
such as spur production, spur performance, and yield are more valu- 
able. As a means of comparing response of different varieties it seems 
promising. In interpretation of growths in the nursery it is partic- 
ularly valuable. 

Obviouslv, this method can be applied only to wood of most recent 
growth. The weight of 2-year-ola wood is affected by the growth 
made in two seasons; in oldm wood the weight is a still more compli- 
cated product. 

Thejiabor involved in use of the graduated scale need not be much 
greater than that involved in simple length measurements. Once the 
values are established for each variety and condition, a meter stick 
can be recalibrated to read directly in grams and the measurements 
recorded directly, with no increase whatever in labor of recording or 
calculation. 















THE DETERMINATION AND IMPORTANCE OP THE CON- 
DITION OP THE PIRM ALBUMEN IN STUDIES OP EGG- 
WHITE QUALITY* 

By A. Van Waoisnbn, assistant pouUry hiubandman, and H. S. WilqvB; Jb., 
investigator in pouUry nutrition, New York {Cornell) Agricultural Experiment 
Station * 

INTRODUCTION 

The demand by consumere for eggs of high quality, as shown by 
market surveys, is reflected in the increasing stress that is being laid 
on this factor and its measurement in experimental work conducted 
on poultry. While candling is the basis for establishing the market 
value of eggs, it is too indefinite to be of more than superficial value 
in research. Therefore, it has been necessary to study the component 
parts of the egg. Various investigators have used one or more of the 
following measurements as criteria of egg quality exclusive of nutri- 
tive value: The size of egg; the thickness or strength, porosity, tex- 
ture, and color of the shell; the color, dimensions, condition, flavor, 
and odor of the yolk ; and the color, relative volume or weight of the 
various layers of the albumen, and condition of the firm albumen. 

The importance of most of these factors has been generally accepted 
by the majority of investigators.^ Most workers have used the rela- 
tive proportions of firm and thin albmnen as the sole criterion of 
albumen quality. The determination of the observed condition, or 
fimmess^ of the firm albumen, however, has not received proper 
recognition. The term “firm albumen” is used throughout this 
paper to refer to the “true thick albumen” as defined by Sharp (17)* 
unless otherwise specificafiy noted. 

It is generally agreed that consumers prefer an egg for table use 
which holds together well and cooks evenly throughout. The ability 
of an egg to meet these requirements depends not only upon the 
quantity of firm albumen but also upon its firmness, body, or condi- 
tion. There is also the strong probability that this condition of the 
firm albumen plays an important part in determining the candling 
properties of the egg, particularly in controlling the apparent mobility, 
or swii^, of the yolk (/O). On the other hand, Almquist (f) has 
found little correlation between the quantity of firm albumen and the 
apparent mobility of the yolk. Pennington et al. ( 14 ) found no 
relationship between the percentage of ^ck white and either the 
candled grade or the yolk index. The reason that no measure of the 
condition of firm albumen has been generally used in studies of egg 
quality is undoubtedly that the various physicochemical compon^ts 
which institute it have not yet been established. However, this is 
no justification for ignoring an estimation of a factor which plays such 

» Reoeived for publloation May 13, 1936; issued February 1936. 
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an important part in determining the desirability of from tlie 
viewpoint of the consumer and probably of the market man. 

The nature of the firm albumen has been subjected to some investi- 
gation. It appears unlikely from the work of Almquist and Lorenz 
( 4 ) and of Bronkhorst ( 6 ) that the difference between firm and thin 
albumen is entirely chemical. The findings of St. John and Green 
(id) and of Almquist and Lorenz (S) strongly suggest that the differ- 
ence is cliiefly a physical one. The latter authors believe that the 
, structure of the nrm albumen is due to fibers of ovomucin. Later, 
McNally (1£) and Almquist, Givens, and Klose (S) showed that the 
firm albumen contains more ovomucin than the other layers. The 
findings of the latter authors indicated that photometric methods 
might be used to detect differences due to the effect, presumably of 
ovomucin, upon the transmission of light. Such measurements, 
however, must be correlated with the condition of the firm white as 
noted by observation. Sucli an observation necessitates a fixed 
score capable of reproducible results and of universal application. 

A method of scoring the condition of the firm albumen was first 
used by Sharp (1&), but he has only recently described and partially 
illustrated it ( 17 ). It is the purpose of this paper to illustrate this 
method more completely, to present further evidence of its impor- 
tance, and to extend preliminary data presented by the authors ( 19 ) 
showing that there is not necessarily a correlation between the con- 
dition and the quantity of the firm layer. 

EXPERIMENTAL METHODS 

In the first part of this study, photographs were taken to illustrate 
the score for the condition of the firm albumen. The pictures shown 
in figure I were all taken of freshly laid eggs from pullets of the Cornell 
strain of Single Comb White Leghorns but represent conditions of 
the firm albumen encountered in both fresh and held eggs. The 
scores run from 1.0 to 5.0, as was suggested by Sharp, with intervals 
of 0 . 5 . In using this method, it was soon found that the scores could 
be determined accurately by intervals of 0 . 25 . Both top and side 
(silhouette) views were taken of each egg to illustrate the way the 
albumen stood up and was distributed around and over the yolk. 
Each egg illustrates the lower limit for its group range; thus the egg 
marked 1.0 is the poorest egg that may be scored 1.0. The egg illus- 
trating 5.0 is the lowest score, since no thick albumen is discernible. 

The two chief factors in this observation are the outline of the firm 
albumen viewed from the top, and the outline viewed from the side. 
The firm albumen in an egg with the best score is concentrated around 
and over the yolk and tends to occupy the least possible area on the 
plate. From the top view its outline appears to be ovoid. As the 
score increases, the firm white spreads and tlie outline tends to become 
more irregular. That of 2.5 is generally the first to show this 
markedly. In this case, a definite tendency toward a rupture of the 
firm albumen is noticeable. The firm layer of an egg with the score 
of 3.0 is usually about to rupture, or has just ruptured, allowii^ the 
inner thin albumen to mix with the outer thin mbumen. From the 
side view, the outline shows no distinct break in sweep between the 
yolk and the firm albumen in the best egg. As the score increases, 
the firm white flattens and spreads out and the ai3gle between the y<dk 
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and albumen appears and becomes sharper until it approaches 90°. 
This occurs at about the time of rapture of the firm-albumen sac. 

The score of the observed condition of the firm albumen considers 
the apparent thick white described by Sharp {17). This includes 
both the true tbi^ and the inner thin albumen up to the point of 
rupture of the thick-albumen sac. From this point (score 3.0) otf, 
only the true thick albumen, chiefly structural albumen, is scored 
since the inner thin layer has escaped. 



Fiourb 1.— 'Freshly laid pullet eggs of the Cornell strain of Single Comb White Leghorns scoring 1.0 to 5.0 
on the scale suggested by Sharp, showing intervals of 0.5. The eggs shown represent group minima. 


In a few instances in which further definition is desirable in exactly 
placing the score of an e^, the so-called “body” or consistency of the 
firm albumen may be further determined. This has been done by 
pouring the firm albumen slowly over the edge of a container and 
noting its plasticity while retaining the yolk in the container. When 
quantitative measurements of the albumen are desired, they may be 
made according to the Sharp {17) method of separation by noting the 
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difficulty with which the firm albumea enters the pipette, or according 
to the Lorenz and Almquist method (ii) noting the apparent 
plasticity in transferring the egg from the scoring dish to the screen. 
By observation with candling, using New York State retail grades (5), 
grade Fancy eggs generally score from 1 to 2 when broken out, grade 
A from 2 to 3, grade B from 3 to 4, and grade C from 4 to S, but with 
considerable overlapping. 

In the second part of this study, a comparison was made between 
^ observed condition of the firm albumen and those factors in candling 
which would seem to be most closely correlated with albumen condi- 
tion, in order to determine the relationship between the score for 
observed condition of the firm albumen and candling quality. A total 
of 199 eggs was used. These were obtained from several up-State 
New York Ci^ markets and included some fresh eggs from the experi- 
ment station flock. Four experienced candlers scored these e^^, and 
their results were averaged. There was quite regular agreement 
among the candlers as to the scores for the various factors used. 
Yolk visibility was scored from 1 , for practically invisible yolk shadow, 
to 4, for a plainly visible yolk shadow. Yolk mobility was scored 
from 1, for very riight mobility, to 3, for freely mobile yolk shadow. 
The grades used were from 1 to 8, based upon the New York State 
retail grades for eg^ as described in detail elsewhere (5). Eggs were 
scored as being high or low within each of the New York State grades 
Fancy, A, B, and C; thus making a complete score of- eight mades. 
No inedible eggs, as detected before the candle, were used. The eggs 
were opened immediately after candling and were scored for observe 
condition of the firm albumen and for yolk color as hereinafter 
described. 

In the third part of this investigation, correlations were made 
between the relative volumes of the three principal layers of albumen 
obtained as previously briefly described {19) and the observ^ con- 
dition of the firm albumen. This was done with data obtained in 
routine studies in this department on the effect of breeding and feed- 
ing upon interior egg quality. 

All of the 4,796 eggs studied were from the Cornell strain of Single 
Comb White Leghorn pullets. All of them were examined on me 
day that they were laid. Each was carefully broken into a Petri 
dish, preferably one of 15 cm diameter. If the firm albumen was 
unruptured, the outer layer of thin albumen was removed into a 
graduated cylinder by means of a 25-cc pipette. The pipette had 
a bore of approximately 4 mm, with the tip broken off and the broken 
end fire-polished. The observed condition of the firm albumen wm 
then noted. Next, this was tom to allow the iimer layer of t^ 
albumen to escape. The firm layer was removed from the side 
oppotite the rupture by drawing it into the pipette and was placed 
in another graduated cylinder. The chalazae and the removable 
portions of the inner layer of thick albumen, usual^ very slight, were 
mduded in this fraction. Finally, the inner thin myer was removed 
to a third cylinder. By careful manipulation, accurate and rapid 
determinations may be made in this manner. The use of moistened 
cylinders, dishes, and pipettes reduces the error of drainage and 
speeds up the work. 

The yolk was then transferred to a smaller, perfectly flat-bottomed 
Petri <mh for color determination (by the Sh^ standards), fm* ydk- 
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index measurements {18), and, finally, for weight determination. 
When the firm alb^unen was foimd to be in the naturally ruptiued 
state, the observed condition was taken first, and then the firm albu- 
men and finally the combined layers of thin albumen were removed. 

EXPERIMENTAL DATA AND DISCUSSION 

The results showing the means and correlations obtained between 
the candlers’ score and the opened egg score of the factors studied 
are given in table 1. The mean observed condition of these eggs 
was considerably below that of 1.76 found for fresh eggs as shown 
in table 2. In every case, a sigi^cant positive correlation was 
found between the observed condition of the firm albumen and the 
yolk diadow visibility, yolk shadow mobility, and candlers’ grade. 
This, therefore, indicates that the con(htion of the firm albumen is 
closely related to those factors used in determining the candling 
quality of the egg. In contrast to this is the report of Almquist (i) 
that there is no correlation between the quantity of firm albumen 
and the apparent mobility of the yolk, and the report of Pennington 
et al. { 14 ) that there is no relationship between the quantity of firm 
albumen and the candled grade. 


Table 1. — Correlations between candlers* score and opened-egg score of certain 

factors 


Factors correlated 

Mean 

rzkS,E,r 

OhaArwcid condition of flrm RlhnniAti 

2.45 

1.85 

1. 77 
3.66 
58 

1.85 


Correlation of observed condition of firm albumen with— 

Yolk visibility (l^none to 4»plainly)...^...... - 

+0.504:dr0.054 
+ .543dr .051 
+ .583d= .048 

Yolk mobility (l^inone to Sa* freely) 

Candlers* grade (1 to 8)--- — 

Actual yolk color (00 to 110) sharp standards .... ........ 

Correlation of actual yolk color with yolk visibility (l«none to 4« plainly) 

+ .443d= .057 


Table 2. — Correlations between the observed condition of firm albumen and the 
volume of the various layers of albumen 


Condition of 
firm>albumen 
sac 

Eggs 

Factors correlated 

Mean 

r=b«S.K.r 


Number 

f Observed condition of firm album An 

1. 76i:0. 27 


Not ruptured 

4,531 

Correlation of observed condition of firm albu- 
men with— 

True firm albumen... percent.. 

Outer thin albumen.. do 

Inner thin albumen. do 

53.7 

24.4 

21.0 

-H).020=fc0.0l5 

- .015d= .015 

- .006± .015 



rObserved condition of firm albumen 

3.38db.47 

Ruptured .... 

265 

Correlation of observed condition of firm albu- 
men with— 



1 True firm albumen - - 

..percent.. 

55.2 

- .212:±: .050 



1 Total thin albumen. _ . _ . 

„_do____ 

44.8 

4* .178:t: .050 




3.37d=,47 

no.i 

281 

1 Correlation of observed condition of firm albu- 
< men with— 



1 True firm albumen 

1 Total thin albumen . 

.percent., 
do 

55.8 

44.2 

~ .Oeidb .082 
+ .022de .062 





1 4 abnormal eggs eliminated. 


It is interesting to note that the correlation between actual yolk 
color and visibility of the yolk shadow is significant but not as hig^ 
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as that between condition of firm albumen and visibility of the yolk 
shadow. _ Data obtained with this group of eggs support the opinion 
of some investigators that the firm albumen is probably of as much or 
more importance in determining visibility of the yolk shadow than is 
the actual color of the yolk . 

The averages and distribution obtained in the third part of this 
study for the observed condition of the firm albumen and the propor- 
tions of the three chief layers of albumen are shown in table 2 and 
J^gures 2 and 3, respectively. The proportions of the various layers of 

albumen are in general 
I I I I I ] I ] agre^ent with those 

■ obtained by Almquist 

(1). The amount of 
firm albumen, however, 

is considerably less than 

that reported by Card 

and Sloan (7) and by 

North (IS). It is inter- 

esting to note that the 

amoimtof firm albumen 

was slightly greater in 

the eggs of poor condi- 

tion in which the firm 

albumen sac was rup- 

tured. This apparent 

increase has also been 
1.00 iidd ^ 4.00 5.0 0 observed, despite a 

CONDITION OF FIRM ALBUMEN (SCORE) decided increase m 

score of condition, in 

Fiodrr 2.-'DistributjoQ of the scores for tbe observed condition of arvcrc frnm inrliviHiinlQ 
the firm albumen of 4,796 eggs Jess than 1 day old. ^rom inuiviauais 

producing eggs of 

knowninteriorquality which were stored for periods of from 7 to 10 days. 

The firm-albumen sac was unruptured in 4,531 of the eggs and per- 
mitted the determination of correlations of observed condition of firm 


I »oo 


CONDITION OF FIRM ALBUMEN (SCORE) 


albumen with the three main layers of albumen. The results, given 
in table 2, show that there was not the least correlation between the 
observed condition of the firm albumen and the proportion of the firm, 
outer thin, or inner thin layers of albumen. 

In the 265 eggs in which this sac was ruptured, the inner thin layer 
was mixed with the outer thin, hence these eggs could not be included 
in the larger group. There were slight, thoii^h insignificant, correla- 
tions between the observed condition of the firm albumen and the 


proportion of firm albumen and the proportion of total thin albumen, 
respectively. These slight trends, however, were due to four eggs 
which possessed an abnormally small amount, or in one case, none, of 
the firm albumen, and correspondingly large amounts of thin albu- 
men. With these extraordinary observations eliminated, no correla- 
tions existed (table 2). 

These data present conclusive evidence that the proportion of true 
firm albumen, used by many investigators as tbe sole criterion of 
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albumen quality, is actually in no way related to the firmness, or 
condition, of the firm albumen. Fiurthennore, the proportion of 
inner or outer thin albumen is likewise no indication of the condition 
of the firm layer. 

These findings are in general agreement with the observations of 
Sharp (17) on storage egm. The two studies cannot be directly 
compared, however, since he used what he called “apparent thick 
white”, whereas the present study refers to what he defin^ as “true 
thick white.” The fact that the score of the observed condition of the 


firm albumen decreases 
during storage (8) and 
the amount of firm 
albumen also decrease 
(9) during storage indi- 
cates that a correlation 
should be found between 
the observed condition 
and the proportion of the 
firm albiunen of eg^ sub- 
jected to any considerable 
period of storage. 

If the findings of Alm- 
quist and Lorenz (3), 
that the firmness of the 
firm albumen is due to 
the presence of ovomucin, 
and those of McNally 
(12), that the firm albu- 
men contains consider- 
ably more ovomucin than 
the thin albumen, are sub- 



stantiated, the quantitative determination of ovomucin might be used 
as a more exact measure of the condition of this layer of albumen. It 
has not been shown, however, that the methods of either authors are 


quantitative or that the amount of ovomucin is related to the quality 
or the quantity of firm albumen. That they are not quantitative is 
indicated by the lack of even moderate agreement in their figures. 
Furthermore, the use of a chemical method is at a distinct disadvan- 


tage when compared with a score such as the observed condition, since 
the large amount of time involved in a chemical analysis prohibits 
the use of the number of eggs necessaiy in studies on egg quality. 

This score is not proposed to take the place of more accurate means 
for measuring this condition when they become available. Some 


measurements of a physical nature are under study here. One of 
the most promising of these is the height of the apparent finn albumen 
weighted for the size of egg and expressed in terms of a 2-ounce egg. 
The score does, however, offer a valuable aid in studies of egg quality 
in the interim, and it should supplement such measurements as they 
become available, since it scores the sum of the factors which con- 
stitute albumen quality as seen by the consumer. 
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SUMMARY 

A method for determining the observed condition of the jfirm 
albumen of e^ is illustrated. Significant correlations were found 
between the observed condition of the firm albumen and the visibility 
and the mobility of the yolk shadow, resjjectively. Thus, as the 
yolk shadow appeared more visible and mobile in candling, tJhe score 
of the condition of the firm albumen was poorer. No correlation 
was found between the observed condition and the percentage of 
true firm albumen in freshly laid eggs. It is therefore necessary to 
measure the condition as well as the quantity of firm albumen in 
the egg. 
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THE DETERMINATION OF SPRAY COVERAGE ON 

APPLES > 


By Kbumit Grovesh, astistarU ehemitt, and James Marshall, astUlaiti entomolo- 
gist, Washington Agricultural Experiment Station 

The importance of determining the deposit of insecticides on fruit 
in spray investigations seems to nave been underestimated by many 
workers in this field. Published reports have frequently given com- 
parisons of the effectiveness of spray programs without stating the 
quantitative and qualitative nature of the deposit of the insecticide. 
It often happens that an effective insecticide pves poor control 
sir^ly because veiy little of it remains on the fruit. 

The physical and chemical properties of powdered insecticides differ 
greatly. The density of calcium arsenate is about 21^ g per cubic 
centimeter, while that of lead arsenate is nearly 6 g. It cannot be 
assumed that different insecticides, mixed in the spray tank in the 
same way, will be deposited in the same quantities on the fruit surface. 
Yet the weight of the material per 100 gallons of water is frequently 
the only basis for comparison employed by investigators. Compan- 
sons of these weights give useful economic information, but they should 
not bo relied upon for comparisons of control. Repeated analyses of 
representative samples of the sprayed fruit te deteimine the mass of 
insecticide per unit area seems to be the logical basis of comparison. 
This paper describes the methods used at the Washington Experiment 
Station for the determination of arsenical deposit on apples. 

Frequently more than a third of the insecticide deposit on an apple 
is on the depressions of the calyx and stem ends. If the total deposit 
is determined and the coverage is expressed as the avert^e deposit per 
unit area, the result has little meaning. It is much higher than the 
deposit per unit area on the cheek surface and lower than the deposit 
in the ends. In table 1 are shown the results of coverage determina- 
tions of arsenical sprayed apples. There were 12 apples in each 
sample, and the cheek surfaces and the ends were analyzed separately. 
The arsenic in the stem and calyx ends varies from 24 to 42 percent of 
the total arsenic on the apples. A variation of this percentage renders 
the average deposit determined from the total deposit unreliable. 
The ends should be eliminated or analyzed separately. 

The estimation of the area of the apples is the chief difficulty in 
determining coverage. Apples may be considered as spheres and 
their areas calculated from average diameters. This approximation 
may be sufficiently accurate for comparisons when the apples are 
similar in size and shape. A better approximation for certain varieties 
of apples, such as Winesap and Jonathan, can be made by calculating 
the area of the surface of revolution of a cardioid about its axis of 

1 Eeoeivad for publioation Juno 2S, 1035; issued February 1936. Published as Scientific Paper No. 317» 
College of Agriculture and Experiment Station, State College of Washington. 
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synunetpr. Bames ^ computed the area of apples by the use of Otis 
geometric figure, using the equation 

Area in square inches=0.755 

where W' is the wdght of the apple in grams and D its dendty. 

Perhaps a better method is as follows: The area of ^e surface of 
the revolution of the cardioid, 

p=o(l— cosC) 

is approximately 20.1 a^. a is det^mined from the apple measure- 
ments by multiplying the diameter perpendicular to the core by 
0.385, and the diameter parallel to the core by 0.444 (fig. 1). Sev- 
eral Winesaps, picked in midsummer, were measured in this manner 
and their areas calculated; the peel was then removed in thin panels 
and the areas measured with a planimeter. The calculated and 
measured areas agreed within 3 percent. The stem and calyx ends 
may be removed with a cork borer and the areas removed deducted 
from the total area. The arsenic deposit may be removed from the 
apples with an alkaline-soap solution and acid rinse,^ the solution 
boiled down and digested with sulphuric and nitric acids,^ and the 
arsenic determined by the bromate method.® 

Table 1 . — DUtrihtition of deposit on apples 




Arsenic (As lOa) 




Arsenic (AsiOs) 


Sample No. 

Stem and 
calyx 

Cbeelcs 

Total 

In ends 

Sample No. 

Stem and 
calyx 

Cheeks 


In ends 

1 

MUli- 

gram 

4.04 

MitU- 

gram 

8.42 

MiUi- 

gram 

12.46 

Percent 

32.4 

22 

MUU- 
gram 
a 36 

MiUh 

gram 

11.46 

11.33 

MiUi- 

grami 

19.82 

Percent 

42,2 

2 

3.69 

5.96 

9.65 

38.2 


5.41 

16.74 

sas 

9 

3. 32 

4.90 

a22 

40.4 

24 

5.67 

■ HfiTlI 

16.67 

34.0 

4 

3.60 

7.16 

ia76 

33.5 

26 

7.55 

ia24 

25.79 

29.3 

Ji , 

3.74 

8,74 

12.48 


26 

4. 33 

a 52 

12.85 
2a 46 

33.7 

6 

5.30 

12. 16 

7.46 


27 

7.42 

13.04 

3a3 

7 

5.43 

9 35 

14.78 

36.7 

28 

4.83 

7.80 

12.63 

38.2 

8. 

3.91 

a 04 

11. 95 

32.7 

29 

5.89 

9.40 

15.20 

88.5 

9 

6.73 

14.25 

20.98 

32.1 

30. 

5.64 


15.64 

36.1 

10 

4. 34 

10. 17 

14.51 

29.9 

31 

7.13 

laee 

10.79 

37.0 

11 

3.48 

ail 

11.59 

30.0 

32 

7.92 

14.70 

22.62 

35.0 

12 

a 18 

15.88 

24.06 

M.0 

33 

4.54 

6.a3 

11. 17 

40.6 

13 

5.49 

14. 34 

19.83 

27.7 

34 



ia07 

41.8 

14 

5.64 

9.86 

15.40 

36.0 

85 

a 81 


16.94 

40.2 

15 

1 3.92 

8.71 

12.63 

31.0 

86 

6.72 


17.24 

39.0 

1 « 

2.83 

7.51 

10.34 

27.4 

37 

4.20 

11.56 

15.75 

26.7 

17 

3.75 

7.12 

7.41 

10.87 

34.5 

38...* 

3. 31 

7. 37 

10.68 

10.78 

31.0 

18. 

3.45 

10.86 

31.8 

89 

3.04 

7.74 

28.2 

19- 

3.42 

7.77 

11. 19 



3.89 

7. 13 

11.02 

35.3 

20- 

3.73 

a 71 

ia44 

30.0 


4. 57 

7.82 

laso 

36.9 

21 

3.11 

7.25 

10.86 

mm 

42. 

1.83 

5.83 

7.66 

23.9 


t BABNESi J. W. BAMPUNO APPtSS IN THE ORCHARD FOR THX DETERMINATION OF ARSENICAt SPRAT 
RESIDUX. A STATISTICAL STUDY. Isdus. Slid Efigiii. Cbsm, 21: 172*174, illus. 1922. 

< WiGBMANN, H. J., Murray, O. W., Harris, M., Ouffobd, P. A., Louokrey, J. H., and Vorhes, 
F. A., Jr. methods for determination of lead in foods. Jour. Assoc. Off. Agr. Obem. 17: lOS-135, 
iUus. 1034. See pp. 119-120. 

4 Association of Official Agricultural Chemists, official and tentative methods or analy- 
sis .. . Compiled by the committee on editing methods of analysis . . . £d. 9, 393 pp., illus. Wasbing- 
ton. D. C. 1930. Sie p. 307, no. 3. 

* JONS& W. C. REPORT ON PROMATX METHOD FOR THE DETERMINATION OF ARSENIC IN FOODS. JOUT. 
Assoo. Off. Agr. Chem. 16: 76-77, 1983; 17: 202-204, 1934. 
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A simpler method of determining coverage consists in cutting a 
number of dislm from the fruit with a cork borer and analyzing them. 
The area of a disk removed from a sphere may be calculated by the 
formula, 

Area of disk=2rB (B— V-R*— r®) 

where B is the radius of the anple and r is the radius of the disk. It is 
not necessary to calculate this area for each different apple radius; 
a table of areas may be calculated for each quarter- or half-centimeter 
radius interval and the areas of the disks taken from the nearest 
calculated radius. The disks are then digested^ and the arsenic 



FtQUR£ 1.— Diagram shoT^iiig the dimensiona of a cardioid in terms of a. 


determined by the bromate method.® The digestion requires very 
little time. 

In the work at this station samples of 12 apples were selected from 
each experimental plot and 6 or more disks were cut from each apple 
for analysis. A sample of this size proved satisfactorily reproducible. 
Barnes ® recommended samples of 50 apples each in order to obtain a 
result with a probable error of 5 percent. However, Barnes was 
interested in the deposit from a residue standpoint and the calyx and 
stem ends were analyzed with the cheek sunaces. The eliimnation 
of these ends, which is essential for accurate coverage information, 
reduces the variation considerably. It may be wdl to add that this 
source of variation is but one of several which occur between the 
application of spray and the eventual determination of coverage. 


* See footnote on page 1143. • Sas footnote on pagi 1140. * Ba rni 8» J. W. See footnote 2. 



1142 


Journal of Agricultural Beomreh 


Vd. 51, 110.13 


For example, the of spray mixture is of the utmost importance 
in effecting unifonniigr of s]pray application. Certain arsenical spray 
mixtures yield deposits wmch qmckly reach a maximum as spraying 
is prolong^, whereas others recently developed at this station have 
the capacity of leaving dwosits uiat increase almost indefinitdiy 
with prolonged spraying. Thus the careful and systematic applica- 
tion Of spray materials so necessary in any case becomes doubly 
important. Should one tree be sprayed, let us say, twice as heavily 
as its neighbor tiie amounts of the arsenical spray deposits on the 
two trees might readily vary 100 percent from mis source alone. 

Apples selected for analysis must be handled carefully and the 
surfaces to be analyzed should not be touched. The apples should 
be held by the stem and calyx ends. While being transported to the 
laboratory they may be impaled on nails driven through boards. 
A cork borer with an inside diameter of about 1.8 cm is convenient for 
disk cutting. 

According to the writers’ experience, the Gutzeit method, though 
useful for determining minute amounte of arsenic, such as occur in 
residue samples, is less suitable than the bromate method for ascer- 
taining the relatively large amounts which are encountered in measur- 
ing deposits. In the latter case the 10 percent error expected in the 
Gutzeit method ’’ compares to less than 1 percent in the bromate 
method.* Coverage determinations by the disk method correlated 
unusually well with control on arsenical sprayed plots; 

f Baskes, J. W., and Murray, C. W. accuracy op the gutzeit method for the determination 
OF MINUTE QUANTITIES OF ARSENIC. Indus. and Bngln. Chem. Aoalyt. £d. 2; 21>-30, illus. 1930. 

• Jones, W, C. report on arsenic. Jour. Asso, Oil. Agr. Chem. ifl: 325-329. 1933. 
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